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Vol. XII. 


The Smoke Prevention 
Problem. 


White the general public cry out 
against the presence of smoke in the 
atmosphere of cities and large towns, 
little effort is made to abate the 
nuisance except by engineers and manu- 
facturers. To judge from what is 
written by many people on the subject, 
it might be assumed that factory 
chimneys are the chief source of the 
smoke and other products of com- 
bustion which are so objectionable on 
zsthetic and sanitary grounds. In 
point of fact, however, manufacturers 
are less to blame than the occupiers of 
private dwellings for the undesirable 
atmospheric conditions of urban dis- 
tricts, and it cannot be too strongly 
emphasised that no efforts to abolish 
the smoke nuisance can be attended 
with complete success unless directed 
to the regeneration of all furnaces and 
fireplaces in which coal and other fuels 
are consumed. 

The general problem is not quite so 
simple as some suppose, for the elimina- 
tion of visible smoke does not necessarily 
involve the removal of deleterious pro- 
ducts, or even any diminution of their 
volume. For instance, a steam boiler 
working economically will emit, say, 
10,000 lb. weight of gases an hour, 
while the same boiler worked uneco- 
nomically will yield double the volume 
of gaseous products in the same period. 
In one case the gases may be distinctly 
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coloured, and in the other no smoke 
may be visible, and yet, from the sani- 
tary point of view, the larger quantity 
will possess a greater capacity for evil, 
although less offensive to the eye. 

Again, it must be pointed out that 
the absence of visible smoke does not 
invariably mean economy of fuel. Some 
types of mechanical stoking apparatus 
result in such dilution of the gases, by 
excess of air admitted to the furnace, 
that the consequent abolition of smoke 
represents loss to the steam user. 
These illustrations serve to make clear 
the complex nature of the problems 
connected with the scientific employ- 
ment of coal in steam boilers, and 
suggest the necessity for careful inquiry 
into the subject in all its bearings. 

In this connection we may refer our 
readers to the discussion raised at recent 
meeting of the Institution of Engineers 
and Shipbuilders in Scotland by the 
paper on ‘‘ The Smoke Problem,” by 
Mr. F. J. Rowan, an engineer who has 
devoted many years to the study of com- 
bustion in various forms. The paper 
itself is interesting, but at the same 
time disappointing, because it suggests 
little or nothing for the practical guid- 
ance of steam users. In a brief dis- 
cussion of the production of smoke, the 
author shows that there are four kinds 
of particles forming the smoke from coal 
fires: (1) Unconsumed carbon particles, 
(2) tar vapours, (3) steam, and (4) dust 
particles carried from the furnace by 
the draught. The most important, but 
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by no means a novel, point in this part 
of the paper is that the gases collected 
from the immediate surface of the fire 
can be consumed in suitable apparatus. 

Passing on to deal with the estimation 
of smoke, Mr. Rowan describes and 
criticises various types of density indi- 
cators, and discusses the differentiation 
of black, yellow, and lighter shades of 
smoke. These points, however, are not 
of practical importance, for the Acts 
dealing with the question say that 
smoke shall not be produced from 
factory chimneys, the density or colour 
being a matter of indifference, except 
so far as it may constitute a nuisance. 

In a section entitled ‘‘ The Prevention 
of Smoke’’ the reader may hope to glean 
some useful hints, but if so he will be 
disappointed. Mr. Rowan _ reviews 
different methods of treatment prac- 
tised and in effect condemns them all as 
fundamentally wrong, finishing up with 
the dictum that the abolition of smoke 
**can be done only by a system of gas 
firing.” He admits, however, that the 
capital outlay involved by this scheme 
is very great, while the benefit to be 
derived in economy of fuel diminishes 
with the reduction of the temperature 
at which the furnaces are worked. We 
may here remark that gas-fired furnaces 
are not invariably smokeless, and 
another objection is that the system is 
unsuitable for small boiler installations 
and for single boilers which are the 
worst offenders in the way of smoke 
production. 

In theory nothing is more simple than 
to prevent the production of smoke, 
which results from imperfect combus- 
tion. In practice, the formation of 
smoke is almost inevitable, owing 
to the varied conditions prevailing 
in furnaces and the different ways 
in which heat is applied and abstracted. 
The adoption of gas, oil, or coal 
dust firing will not by itself result 
in the practical abolition of smoke, 
nor can the employment of mechanical 
stokers, or the use of forced draught 
apparatus be regarded as an infallible 
remedy. At the present time, coal is 
almost universal as a fuel for steam 





boilers, and the main points for attention 
by engineers and steam users are the 
proper design of boilers, flues, and 
chimneys, and the adoption of efficient 
stoking apparatus. 

A well-designed mechanical stoker is 
one of the best means available for 
abatement of the smoke nuisance. Its 
efficiency is due to the fact that fuel is 
fed continuously into the furnace to- 
gether with a proper supply of air, and 
thus the particles of coal are at once 
affected by the heat of the furnace, and 
the gases evolved are speedily consumed. 
Care should always be taken to regulate 
the air supply so that the percentage of 
carbon dioxide in the products of com- 
bustion may indicate economical work- 
ing. By the adoption of forced draught 
in connexion with mechanical stokers, 
it is possible for cheaper forms of coal 
to be burned with a corresponding re- 
duction of the coal bill. The steam 
user should bear in mind, however, that 
the use of forced draught has the effect 
of increasing the proportion of dust con- 
tained in the smoke; and, as shown by 
the remarks of Mr. Fyfe, the sanitary 
inspector of Glasgow, particles measur- 
ing from one-fourth to three-eighths of 
an inch are often thrown out from the 
chimney by forced draught apparatus, 
unless an efficient dust catcher be fitied. 
Mr. Fyfe does not share the low opinion 
of mechanical stokers expressed by the 
author of the paper, nor his contention 
that gas is absolutely necessary asa fuel 
in furnaces. We fully agree with Mr. 
Fyfe that with mechanical stoking and 
careful attendance any chimney can be 
kept quite clear of smoke, at any rate 
within the meaning of Acts of Parlia- 
ment. 

As alternative, or as additional, means 
of preventing or diminishing the passage 
of smoke into the chimney, various 
devices have been introduced. One 
mentioned in the discussion by Mr. 
James Neilson is represented by an 
arrangement of pipes in the lower flue 
of the boiler, through which, by means 
of a steam jet, a portion of the gases is 
forced into the furnace again. If the 
satisfactory results already obtained in 











this way should be confirmed by later 
experience, the system will deserve 
serious consideration. 

Another form of apparatus for abating 
the emission of smoke is described by 
Mr. Fyfe. This consists of a honey- 
comb of brickwork immediately behind 
the fire bridge, and pipes conveying gas 
from a small producer for the production 
of a Bunsen flame in the firebrick 
regenerator. The heat so attained is 
said to be sufficient to consume all 
smoke from the fire, no matter how the 
coal is shovelled into the furnace. The 
particular installation described is at 
an electric lighting station in London, 
and the practical results have been free- 
dom from trouble with the authorities, 
the ability to burn cheaper fuel, and 
increased steam production. A similar 
but much more simple system is one 
which we have recently had an oppor- 
tunity of inspecting in operation. In 
this case an ordinary hand-fired Cornish 
boiler was provided with a tubular 
regenerator at the back of the fire- 
bridge; the regenerator was speedily 
raised to an incandescent state by the 
heat of the furnace fire, and then had 
the effect of completely consuming the 
unburned gases passing through and 
over the tubes. The very cheapest 
form of slack was being used on the 
occasion of our visit, and scarcely a 
trace of smoke was to be seen at the 
chimney top. 

No doubt all methods now available 
for the abatement of smoke from boiler 
chimneys may be looked upon as tem- 
porary expedients, but if applied with 
judgment so as to meet the conditions 
of individual installations, one or other 
of them, or a combination of one with 
another, should be sufficient to obviate 
any excessive discharge of smoke. 


* 
The Mechanical Proportion 
of Iron and its Alloys at 
Low Temperatures. 


In another portion of this issue will 
be found some of the results of an in- 
vestigation by Sir James Dewar and 
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Mr. R. A. Hadfield, on the effect of 
liquid air temperatures on the mechani- 
cal properties of iron and its alloys. A 
very large number of these alloys have 
been examined, and some exceptionally 
interesting results obtained. Generally 
the influence of a low temperature is 
shown in a remarkable decrease in duc- 
tility, and increase in tenacity. Thus 
iron of high purity when tested in liquid 
air becomes exceedingly brittle, giving 
an ultimate stress of 38 tons and prac- 
tically no elongation.” But, and here is 
a feature of great importance, this same 
iron if allowed to return to normal 
temperature exhibits the usual ductile 
character of this metal. The embrittling 
effect is solely a function of temperature 
manifested only at low temperatures and 
eliminated entirely on returning to ordi- 
nary temperature. Therefore to what- 
ever cause the change may be due, the 
effect is not permanent. Further, the 
accession of brittleness progresses with 
a decrease in temperature, there being 
no critical point marking an abrupt 
change in properties. 

That this change is progressive with 
a fall in temperature is of much signific- 
ance and not unnaturally questions 
arise as to whether any analogy may be 
found within normal atmospheric varia- 
tions. We venture to think that such 
analogies will occur to our readers, in 
particular sling chains in frosty weather 
sometimes develop brittleness, and 
under such conditions one or more 
links will, on the slightest provocation, 
fracture like glass. Only recently 
Professor Le Chatelier, in speaking of 
brittleness induced by atmospheric coid, 
quotes as a remedy the immersion of a 
chain in hot water previous to lifting a 
heavy load. Further, we recall the 
advice of a well-known American writer, 
running somewhat as follows:—‘ In 
winter or very cold weather chains 
should not be made to hoist as much as 
in summer time; sometimes it is best 
to heat a cold chain before hoisting a 
heavy weight.” 

Returning to the effect of liquid air 
temperatures, precisely similar results 
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are obtained when other varieties of iron 
are examined, a remark also applicable 
to the majority of iron alloys, and in 
each case the characteristic increase in 
tenacity and fall in ductility is noted. 

Iron carbon alloys or steels fall into 
the same line, but some singular results 
are obtained on quenching from a high 
temperature. Thus a 0°83 per cent. 
carbon steel quenched from 700° C. in 
liquid air and tested at normal tempera- 
ture gave an elongation of 13 per cent. ; 
the same steel quenched from 750 
under the same conditions gave an 
elongation of 8 per cent. Such a steel 
quenched from 750° C. in water would 
have possessed extreme hardness and 
would, of course, show no ductility in 
a tension test. A steel of higher carbon 
content quenched under the same con- 
ditions yielded similar results. 

The hardness of a water-quenched 
steel is familiar, and why similar or 
greater hardness should not be con- 
ferred by quenching in a liquid at a 
temperature some 200° C. lower is not 
very apparent. However, the less 
vigorous hardening induced by quench- 
ing in liquid air is clearly shown. It 
may be that a spheroidal state is 
assumed, or it may be that in returning 
to normal temperature—a rise of about 
200° C.—tempering is effected. How- 
ever, these are mere conjectures, and 
until further light is gained the matter 
can only be one of speculation. 

Finally, reference must be made to 
the exceptional behaviour of some of 
the alloys. Thus, manganese iron alloys 
exhibit brittleness at low temperatures, 
but this effect is neutralised by the 
presence of copper. An iron alloy con- 
taining 2°01 per cent. manganese and 
1°39 per cent. copper when tested at 
the low temperature gave a rise in 
tenacity, whilst the elongation remained 
unchanged. Testsconducted on metallic 
copper show similar results—tenacity 
rising and ductility remaining unaffected 
at the lowtemperature. Metallic nickel 
when tested in liquid air showed not 
only a gain in tenacity, but an improve- 
ment in ductility; maximum stress 


rising from 2g tons at normal tempera- 








ture to 46 tons at the temperature of 
liquid air, at the same time the elonga- 
tion rising from 43 to 51 per cent. 

The result is of exceptional interest, 
and,in the author’s opinion, may account 
for the fact that alloys of iron and 
nickel, or iron, manganese and nickel 
are, by the presence of nickel, less in- 
jured at low temperatures than nickel 
free alloys. Indeed, one nickel mangan- 
ese alloy yields in liquid air an exceed- 
ingly high maximum stress of 84 tons, 
and is associated with the possibly more 
remarkable elongation of 67 per cent. 


. 


Trade Unions on 
Lack of Employment. 


Ir the subject matter of the report 
issued last month by the General Feder- 
ation of Trade Unions were not of the 
utmost gravity, the document in ques- 
tion would be distinctly amusing. Even 
if the distress existing among the work- 
ing classes permitted a smile, the lament- 
able and perverse ignorance displayed 
in the report would bring sadness as an 
accompaniment to mirth. It really is 
distressing to think that a gathering of 
men, who, from the Parliamentary and 
Municipal distinctions which have been 
attained by many of their number, may 
be assumed to represent the intellectual 
aristocracy of labour, should solemnly 
commit themselves to the enunciation 
of the nonsense which constitutes the 
greater part of the report now before 
the world. 

Assuming, what we devoutly hope 
and sincerely believe is not the case, 
that the opinions of Trade Union 
leaders truly represent the views of the 
majority of working men, the report 
must come as a sad shock to those who 
believe that education of the masses is 
a royal road to enlightenment, and the 
enemy of prejudice and folly. 

The preamble to the resolutions 
passed at the recent conference sets 
forth the astounding theories that the 
present lack of employment is primarily 
due to the following five causes: (1) 
the absence of organisation in industry 














(2) the increased introduction of labour- 
saving appliances unaccompanied by 
reduced hours of labour or increased 
pay; (3) the increased employment of 
women and young persons; (4) the 
failure of employers, and particularly of 
the Government Departments, to regu- 
late the distribution of work so as to 
avoid busy and slack times; and (5) 
war expenditure and other national 
extravagances. 

Taking these foolish notions seviatim, 
we can only find in (1) an expression of 
the view that Trades Unions have not 
yet acquired power to intimidate em- 
ployers to the desired extent. It is 
dificult to see in what way further 
interference with their masters would 
tend to improve trade. Past experi- 
ence of Trade Unionism proves that its 
chief effect has been to drive trade out 
of the country, by the imposition of 
prohibitive restrictions, making em- 
ployers unable to compete with foreign 
rivals. As for (2) the outcry against 
labour-saving machinery is really too 
absurd. All sensible men know that 
without such appliances the manufac- 
turing industries of Great Britain could 
not exist, a truth which several Labour 
leaders have openly acknowledged 
within quite recent times. The pitiable 
mental condition of the Trade Union 
delegates is shown by the proposition 
that there would be more employment 
if the men who tend labour-saving 
machines received higher wages. As 
such machinery is necessary to enable 
employers to secure work at lower 
prices it is naturally impossible that 
the worker should be paid more money 
for less work. He ought to be thankful 
that the energy and enterprise of his 
employers bring in orders resulting in 
work, which otherwise would not be 
obtainable. 

The third complaint is directed 
against the employment of women, 
girls and boys. All of these, engaged 


in factories and workshops, are the 
relatives of workmen, and the money 
they earn relieves working men of ex- 
penditure that otherwise would have to 
be faced. 


In (4) the accusation is 








EDITORIAL. 573 


made against employers in general, and 
the Government in particular, that 
work ought to be given out in equal 
quantities all the year round. This 
count reveals the colossal ignorance of 
the men who have made themselves 
ridiculous by including it in their report. 
They seem to think that employers can 
always command a fixed supply of 
orders, and they seem to know nothing 
of the efforts made to secure business, 
or of the difficulties that are encoun- 
tered in securing it. Similarly, buyers 
are assumed to be a subject and servile 
class, who are obliged to give orders, 
and who can be made to await delivery 
at the pleasure of manufacturers. 
Taking these hypotheses as facts, the 
delegates imply in an airy manner that 
the uniform distribution of work is as 
easy as a short division sum, and that 
if it were not for the unbusiness-like 
ways of employers there would never 
be alternating periods of good and bad 
trade. The childlike simplicity and 
verdant freshness of these good people 
are very touching, but however much 
these characteristics may qualify their 
possessors for a better world, they do 
not seem to be very helpful to men 
who aspire to lead their followers to 
success in the battle of life on this 
mundane sphere. 

The suggestion of avoidable wars in 
(5) is of controversial character and as 
such unsuitable for discussion in a 
technical journal. Still, war expendi- 
ture is not always antagonistic to the 
interests of workmen. It relieves the 
labour market of men, and finds work 
for those who prefer the victories of 
peace. Extravagance again, while bad 
for those who pay for it, almost invari- 
ably involves employment as an ulti- 
mate result. For instance, municipal 
expenditure, which is perhaps the most 
flagrant form of extravagance, puts 
much money in the pockets of the 
working classes, and for that reason has 
been extensively advocated as a good 
thing by various labour leaders of 
eminence in their profession. As a 
matter of fact, however, the report now 
denouncing extravagance was passed 
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by the aid of the very men to whom we 
allude. Such ready reversibility of 
doctrine may be convenient, but is apt 
to create distrust. 

The second clause of the report is 
evidently a piece of padding, for it 
merely says that the existing methods 
of dealing with unemployment, “apart 
from Trade Union effort and financial 
aid,” are defective and inadequate, 
when not positively harmful. This is 
all the thanks public organisations and 
private individuals get from unionism 
for their warm-hearted sympathy and 
unstinted generosity. We do not for 
a moment believe that the working 
classes are ready to endorse the black 
ingratitude unblushingly professed by 
their official representatives. 

We come next in the third clause to 
remedial proposals. Here we find 
nothing of a practicable nature. The 
suggestions made may be thus briefly 
summarised :—(1) That Government 
work should never be allowed to 
vary in quantity or urgency. (2) That 
the Government should undertake to 
regulate the law of supply and demand 
so far as these effect industrial opera- 
tions. (3) That overtime should be 
discountenanced, and (4) That public 
relief committees, largely constituted of 
Trade Union representatives, should be 
established all over the country. 

These proposals may be dismissed 
with the comment that the absurdity of 
the first three constitutes a sufficient 
reason for excluding all union officials 
from a share in the direction of relief 
committees, which in any event are not 
remedies for lack of employment and 
have previously been characterised in 
the report as harmful and demoralising. 

In the fourth clause we have two 
proposals: one, that public works on 
a gigantic scale should be inaugurated 
by Government so as to create employ- 
ment by artificial means ; and the other, 
that outdoor works which cannot as a 
rule be conducted in winter should 
nevertheless be undertaken in that 
season. This clause is evidently 
prompted by Socialism. Its originators 
seem to think that the Government 





possess unlimited funds, and are not 
dependent upon taxpayers in any way. 
Where the money would be found for 
the huge undertakings advocated is a 
question that does not trouble labour 
leaders. It cannot trouble them, for 
their mental intelligence has not yet 
risen above the standard of men who 
look upon employers, boards of guar- 
dians, municipal and county councils, 
and the Government, as if, one and all, 
they had the key of an _ illimitable 
treasure chamber, whence unearned 
wealth could be taken at pleasure. The 
implied suggestion that work should be 
attempted in unsuitable weather is 
chiefly interesting as an indication of 
the mental calibre of its authors. 

The fifth clause of this document 
claims that the agencies recognised as 
empowered to deal with unemployment 
should be: (1) public relief committees, 
largely controlled by Trade Unions, 
and (2) Trade Unions. This is the 
keynote of the whole report. Every- 
thing is to be dominated by Trade 
Unionism, and to make up for the lack 
of trade, which is largely the result of 
Trade Union tyranny, artificial employ- 
ment is to be created by public bodies 
at the cost of the manufacturers and 
other ratepayers. 

The failure of rampant Trade Union- 
ism is not yet recognised by its advo- 
cates, but we trust the time may come 
when these deluded men will abandon 
their attitude of blind hostility to em- 
ployers,and with chastened spirits work 
hand in hand with capital in the endea- 
vour to restore British industries, and 
to oppose a strong and united front to 
foreign competition. 
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The Value and Production 
of Superheated Steam. 


Some advocates of superheating 
appear to have the mistaken idea that 
a distinct thermo-dynamic gain is to be 
secured by the employment of super- 
heated steam. It cannot be too clearly 
understood that the only advantage ot 
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superheat is to be found in the provision 
of the best known means of filling the 
engine cylinder with dry saturated 
steam. We are glad to find this point 
is emphasised in the course of the 
paper on “Fuel Economy in Steam 
Power Plants” read by Mr. W. B. 
Booth and Mr. J. B. C. Kershaw before 
the Institution of Electric Engineers. 
In a paragraph devoted to the subject 
of steam, the authors show that super- 
heated steam loses heat less rapidly 
than wet steam in passing through 
pipes, flowing with less friction and 
losing less at joints. The absence of 
condensation in the pipes saves trouble, 
as well as fuel, and on arrival in the 
engine cylinder the heat imparted to 
the walls’ reduces the interchange of 
heat which is one great cause of waste, 
and insures the presence, up to or 
beyond the cut off, of dry saturated 
steam, which, containing the maximum 
amount of heat per unit volume, is the 
best working medium fora heat engine. 
The authors discuss the design and 
construction of superheaters in a very 
practical and useful manner, pointing 
out the difficulties attending the pro- 
duction of superheated steam in a really 
economical manner. The system of 
water control which they describe for 
protecting the superheater tubes from 
excessive heat and raising the tempera- 
ture of the feed-water is one that has 
much in its favour, its only disadvan- 
tage being that the cost is considerably 
higher than that of an ordinary super- 
heater. 


. 


The Post Office and 
Magazines. 


ADVERTING to the subject raised in 
our last issue we may point out that 
the Act, limiting the application of 
newspaper rates to journals published 
“at intervals of not more than seven 
days,” was passed as long ago as 1870, 
when high-class technical magazines 
were unknown. Our tape-bound Post 
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Office continue to pass voluminous 
papers weighing as much as 2 and 3 lb. 
for one-halfpenny while charging nine 
or ten times as much for magazines of 
far less weight. By neglecting to take 
into account the postal revenue that 
would follow the extended circulation in 
the Colonies of monthly trade journals, 
the Post Office are singularly blind to 
their own interests, as well as unjust to 
publishing firms, and lacking in prac- 
tical patriotism. We are glad to see 
that Mr. Henniker Heaton has again 
taken an opportunity of urging reform 
in this matter upon the Postmaster- 
General. In Canada, as we have 
already pointed out, there is a growing 
feeling that political and commercial 
relations with the home country should 
be extended, and that the spread of 
this sentiment is greatly retarded by 
the handicap imposed on _ high-class 
monthly reviews. Such publications 
are carried at almost nominal rates in 
the United States and the Dominion, 
with the unfortunate result that anti- 
British literature is disseminated 
throughout the latter country with the 
most regrettable results. Canada is 
the most loyal ofall British possessions. 
She stands with open arms offering 
postal concessions and most valuable 
privileges in the way of customs re- 
gulations, but our own Government, 
entirely misrepresenting the feeling ot 
the nation, continue to reject all over- 
tures as if they were a bureaucracy 
acknowledging no duty to the people 
whose servants they are. 


* 


Accumulators and 
Small Central Stations. 


ALTHOUGH it has been in use for 
some years, the maximum demand 
system may be said to still remain 
somewhat of an enigma to the ordinary 
consumer of electric energy, and when 
he has the alternative of being charged 
on a flat rate system, he often prefers 
the latter method. Asa matter of fact, 
instead of having complicated apparatus 
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of this character on consumers’ pre- 
mises, everything should be made as 
simple as possible, and, in fact, electric 
supply requires to be brought more 
nearly into line with gas in this respect. 
The maximum of demand has little or 
no influence on the manufacture of 
gas because the latter is so very easily 
stored, and this would also be true of 
electricity if accumulators were used to 
a larger extent in central stations. We 
have in mind now more particularly 
stations for provincial towns, etc. 
Although accumulators are _ tho- 
roughly reliable and, as electrical plant 
goes, are also cheap, yet most en- 
gineers, when arranging for extensions, 
prefer to lay down additional boiler and 
engine plant. Possibly it is because 
they are not so conversant with the 
accumulators as they are with rotating 
machinery ; indeed, it may be truthfully 
said that few central station engineers 
have had any actual experience in the 
manufacture, or even in the actual 
running, of large accumulator batteries. 
As matters stand at present the 
whole question of prime movers which 
work with steam is doubtful, for it is 
generally acknowledged that steam 
reciprocating engines have had their 
day, and on the other hand steam tur- 
bines are only economical for very large 
units. Everything therefore points to 
the internal combustion engine as the 
prime mover of the future, and even 
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that is not yet all it might be, in the 
larger sizes. 

When compared with this position of 
affairs, the accumulator battery is a 
simpler proposition, for there are practi- 
cally only two types, namely, those with 
solid and those with pasted lead plates. 
Improvements in detail are of course 
always going on, but these are small 
changes compared with the drastic ones 
which are pending in connection with 
prime movers. An engineer who lays 
out money in accumulators made by a 
good firm gives his existing generating 
units a better load factor; whereas, if he 
lays down additional boilers and recip- 
rocating engines, the chances are that in 
a few years they will be out of date. 

When one comes to think of it, the 
electric accumulator, with all its faults, 
is in one way a perfected piece of plant ; 
at any rate, there have been no epoch- 
making changes since Plante’s and 
Faure’s time. The greatest improve- 
ment came from outside with the 
reversible booster, the introduction of 
which may be said to have changed the 
whole situation; indeed, the field for 
these boosters in conjunction with 
accumulators for small central stations 
and isolated plants has only just been 
scratched. Many a station which is 
now languishing could be improved by 
a bold expenditure in this direction and 
a reduction in price, which the improved 
load factor would justify. 
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The Modern Seasoning of Timber. 





By H. E. P. COTTRELL, A.M.Inst.C.E. 


HE preservation of timber is ac- 

quiring ‘additional importance 

year by year, as by this means 

alone a balance can be sought 
between consumption and production, 
which should indefinitely postpone the 
exhaustion of the only sources of supply 
of one of the most indispensable materials 
required by civilization. The number of 
processes which have been devised for 
more or less artificially seasoning and 
preserving timber, in various countries 
and at various times, is legion. Several 
hundreds of unexpired patents for these 
purposes are stil] on the Patent Office 
records. 

The object of all alike is the more er 
less complete neutralization of the sap 
by elimination of the moisture, the altera- 
tion of the decomposable constituents, 
and, finally, prevention of contact between 
them and air and moisture. 

The essential constituents of growing 
timber are universally present, though in 
varying proportions according to the 
species, in all trees, viz., ligneous frame- 
work and sap. The first is composed of 
cells and fibre built up of organic tissue 
generically known as cellulose, with a 
variety of specific names (hylose, medu- 
lose, fibrose, dermose, etc.), and of 
cementing and covering materials con- 
taining lignose and vasculose and _ their 
correlatives, with special bodies such as 
pectose, cutose, suberine, etc., which are 
accompanied by phosphoric and silicic 
acid, lime, magnesia, potash, soda, sul- 
phur, etc. Cellulose consists essentially 
of oxygen and hydrogen, and it carries 
its own elements of destruction in the 
affinity of its carbon for oxygen, which, 
aroused into activity by alternations of 
dryness and moisture, disintegrates the 
tissue, destroys the cohesion of the fibre. 
and causes the wood to fall to pieces, 
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eventually reducing it to a greyish pow- 
der. The disintegration of the cement- 
ing materials is brought about by the 
combined action of heat and acids, which 
changes them into gelatinous and acid 
products, soluble in water (¢.g., pectose 
into pectine and the series of pectic acids), 
each one less stable and more liable to 
contribute tothe disintegration of its 
neighbours than the preceding. The sap, 
which represents in the growing tree a 
weight, varying from 18 per cent. in the 
voke elm to 50 per cent. in the poplar, 
of the total, consists chiefly of water, but 
contains (1st) a considerable proportion 
of albuminous or nitrogenous substances, 
(2nd) soluble mineral salts, (3rd) in- 
soluble oily and fatty substances. It is 
particularly subject to decomposition 
through the affinity of the carbon it con- 
tains for oxygen, and its nitrogen for 
hydrogen, and, if remaining in timber 
after felling, quickly ferments, producing 
specially favourable environment and 
food for grubs and parasitic growths of 
various kinds, which assist in the destruc- 
tion of the timber itself. 

On the whole, both the chemical and 
physiological causes of the destruction of 
timber in structures are well known, as 
well as that the only real remedy lies in 
efficiently seasoning or drying it before 
use. Seasoning consists (ist) in chemi- 
cally changing the decomposable matter 
contained in the sap and the cementing 
substances into inert products by the 
natural processes of oxidation, either 
through exposure to the air or chemical 
reagents and dessication ; or (2nd) in re- 
moving the sap and _ substituting non- 
decomposable products therefor, capable 
of fixing the cementing substances so as 
to check and indefinitely postpone the 
evolution of the conditions of decom- 
position. 
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The earliest as well as the most satis- 
factory process for seasoning timber, 
down to very recent times, was to ex- 
pose it for a more or less prolonged 
period to the drying action of the air, 
suitably stacked and sheltered from 
moisture, the trees being previously cut 
down in winter, when least sap is present, 
stripped of their bark, and cut up into 
scantling or planks. The drawbacks are: 
(1st) the time required to produce 
seasoned timber, viz., from six to eight 
months for the evaporation of the first 
or hygroscopic half of the free water 
composing the sap, and from half to 
three or four times as many years to 
remove 64 per cent. to 70 per cent. of 
the remainder. retained in chemical com- 
bination with the organic and inorganic 
constituents, or physically occluded in 
the cells by the stopping up of their open- 
ings with resinous or gummy secretions 
(in both cases the water can only be 
eliminated by the slow process of oxida- 
tion and chemical decomposition) ; (2nd) 
the enormous areas occupied by stacks; 
(3rd) the large capital lying idle; (4th) 
the loss through waste, due to the develop- 
ment of cracks and shakes, and warping ; 
(5th) the temptation to cut down all 
these, and use insufficiently seasoned 
wood, liable to every kind of destructive 
influence from variations in temperature 
and moisture and from parasitic insects 
and plants conducive to rapid disintegra- 
tion. 

To determine the efficient conditions 
which must be fulfilled to produce satis- 
factory seasoning, it is necessary to under- 
stand, in a general way, at least. the 
method of circulation of the sap in tim 
ber trees. The water, containing in solu- 
tion the mineral constituents of the sap, 
enters the tree at the roots by endos- 
mosis. and passes by capillary attraction 
into the inter-cellular spaces and the open 
cells, and upwards through trunk and 
branches to the leaves. There the 
crude sap is turned into the sap proper 
by contact with the air and light, and 
surplus moisture and chemical con- 
stituents which are not required are re- 
jected. The remainder circulates down 
ward through the branches and trunk. 
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and is distributed by diffusion to the vari- 
ous tissues, and enters the closed cells 
by endosmosis. There the special 
chemical constituents peculiar to the 
tree are produced and passed on to 
the general body of the sap by 
exosmosis for repair and growth of 
the tissues. By the processes of immer- 
sion or floatation these natural conditions 
of sap circulation are utilized to substi- 
tute water for sap in the inter-cell spaces 
and open cells, and to a certain extent 
in the closed cells and tissues. The sap 
oozes out at the ends of the logs, and 
there floats off on the surface of the 
tanks in which they are immersed. The 
substituted water is subsequently more 
easily removed by evaporation than the 
sap, and the period of seasoning com- 
mensurately abbreviated. 

In the stoving processes, the timber is 
submitted to the action of low pressure 
steam, stacked in open order in closed 
chambers. The sap is replaced, as in 
floatation, by the water of condensation, 
and the cementing materials in the cells 
and fibre are coagulated im situ. The 
steam is then replaced by warm air, and 
the process of drying completed without 
removal from the chamber. The effect 
of the elevated temperature is, however, 
generally injurious to the timber, develop- 
ing cracks and shakes, and short fibre. 
To avoid this, ozone has been added to 
the air and the temperature lowered in 
some processes, the ozone oxidizing the 
decomposable matter in the cells and 
tissues more readily than the warm air, 
but the process takes longer and is more 
expensive. The drying process by stov- 
ing is complete in the sense of the mois- 
ture being reduced down to 15 per cent. 
to 18 per cent. of its original amount, but 
is far from thorough. The oxidation 
remains incomplete, and on moisture 
being. present it is absorbed, and the 
wood re-acquires its unseasoned pro- 
perties—works, splits, rots, etc.—just as 
if it had not been treated at all. 

In another set of processes, the timber 
is treated while growing or when just 
felled—-a dilute antiseptic or preserving 
solution is introduced under pressure at 
the foot of the tree and carried through 
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with the sap or in substitution for the 
sap. The results are, however, more or 
less incomplete, as the penetration into 
the closed cells and the cellular tissue 
generally in substitution for the sap is 
practically z/. 

There is a great variety of vacuum and 
plenum processes. In the former, timber 
is treated in closed retorts, where a low 
vacuum is repeatedly produced and the 
sap extracted. The preservative solu- 
tion is then introduced, and replaces the 
sap under atmospheric pressure. In 
the latter the preservative solutions are 
injected under pressure at one end of a 
baulk, the sap is forced out as it ad- 
vances, and is replaced thereby. Both 
types of process are objectionable on the 
score of expense, the imperfect and par 
tial results, injury to fibre, and, where 
metallic salts are used. added difficulty 
in working ; while, if vegetable prepara- 
tions of a resinous or tarry character are 
selected, the inflammability of the tim- 
ber is sensibly increased. The ordinary 
treatment by creosote and sulphate or 
chloride of zinc.. etc., whether applied 
externally at atmospheric pressure or 
under pressure, yields even more unsatis- 
factory results, as the penetration is very 
superficial, the sap contained in the closed 
cells and cellular tissue, which can only 
be expelled by the slow process of 
osmosis, is practically untouched, and, in 
the case of timber with close fibre, or 
containing resin, is absolutely valueless. 
On the other hand, in timber treated with 
these superficial preservatives, the pre- 
servative is rapidly removed by wear and 
tear in the open, as in the case of sleepers 
and wood-paving, and the timber is re- 
duced to the condition previous to treat- 
ment. The processes of carbonization or 
charring are most applicable to hard 
woods not readily impregnable by anti- 
septic solutions, and the results. on the 
whole, are fairly efficacious and durable. 
The carbonization is effected by play- 
ing a cone of flame, fed by a jet of com 
pressed air of high temperature. over the 
surface, which expels all the moisture 
and dries up all the decomposable con- 
stituents from the surface lavers. which 
are carbonized to the extent of some two- 
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hundreths of an inch. A dessicated sur- 
face, which has been subjected to distil- 
lation and impregnated by the preserva- 
tive products thereof, is thus produced. 
Smoke drying in closed chambers is also 
employed, but is still more superficial in 
its effects, and possesses the drawbacks 
of producing short fibre and a very dis- 
agreeable lingering smell. 

The only process which remains to be 
considered is the one by which the sap 
is displaced and exchanged for a liquid 
preservative solution by exciting osmosis 
electrically in the tissues and cells of 
the timber. This, which is one of the most 
recent, is known as the Nodon-Bretonneau 
process, and was the outcome of experi- 
mental researches, carried out in 1895 at 
the Sorbonne laboratory of physics by 
the gentlemen whose names it bears, on 
the extraction of sap and the preservation 
of woody tissues, by consecutive baths of 
soap and sulphate of alumina. the former 
to replace the sap and the latter to fix 
the soap on the surface of the fibres. 
These experiments were followed up in 
1897 in experimental works at Puteau, 
but their success, even when immersion 
was prolonged over several months, was 
restricted to the treatment of timber of 
smal] thickness, and penetration was 
limited to the superficial layers, even 
when the vacuum and plenum processes 
were super-added. The capillary transport- 
ing action of the electric current was then 
thought of and applied. This capillary 
action is exemplified by Daniel’s experi- 
ment with a drop of mercury in a capil- 
lary tube filled with acidulated water, in 
which the terminal wires of a battery 
are immersed, and in the case of 
the glass cell divided by a_ water- 
tight diaphragm, each compartment par- 
tially filled with water and placed in 
communication by the immersed ends of 
a wetted cotton or woollen thread through 
which a current of electricity is passed. 
In both of these experiments a distinct 
transference of matter occurs, and an 
osmotic action developed which similarly 
brings about transference of matter in a 
battery through the porous walls of the 
inner cell from the positive to the nega- 
tive terminals. 
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The timber to be treated by this pro- 
cess is thereupon immersed in a saline 
solution, placed in a vat, and disposed 
horizontally on a lead sheet forming 
the positive electrode, the negative 
being formed by a similar sheet in 
moistened contact with the upper surface. 
After a few hours’ exposure to a con- 
tinuous current it is found that most 
of the sap had been expelled into the 
vat and replaced by the saline solution. 

On removal, the treated timber, when 
exposed to a warm current of air, can be 
dried very rapidly, without showing any 
tendency to warp or split, while certain 
special properties have been imparted by 
which the timber has been generally im- 
proved in quality. The vats for the treat- 
ment of the timber consist of a water- 
tight receptacle (Fig. 1, B) made of 
either wood or reinforced concrete, lined 
with sheet lead one-sixteenth of an inch 
in thickness, electrically insulated from 
the ground. The dimensions of the vats 
vary from 1g ft. 6 in. in length, 4 ft. 6 in. 
in width, and as much in depth. The 
bottom of the vats is occupied by a 
loosely-fitting movable grid (G), covered 
with sheet lead strips (2), on which the 
timber to be treated is stacked in close 
order to a depth of 274 in. before being 
lowered into the vats, and which rest on 
chocks (A) and form the positive elec- 
trode. At the bottom of the vat is a 
serpentine of steam pipes (.S), by which 
the contents are kept at the required tem- 
perature. The upper electrode (OQ) is 
formed by a light sheet of perforated lead, 























which lines a light framework of wood, 
forming trays (D), over the bottom of 
which canvas is stretched, which is kept 
in moist contact with the upper surface 
of the timber to be treated, by being from 
time to time filled with liquid (C). These 
porous trays vary in size from 354 in. 
to 49} in. in length by 274 in. to 354 in. 
wide and 4 in. deep. The perforated lead 
sheets in the various trays are united elec- 
trically, forming a continuous electrode 
coupled to the negative pole of a low 
potential dynamo, the grid being coupled 
to the positive pole. 

When the timber stacked on the mov 
able grid has been lowered into the vat, 
the latter is filled with the solution 
used in the treatment, which is varied ac- 
cording as the object in view is season- 
ing, preservation, or fire protection, to 
within 1} in. to 3} in. of the upper sur- 
face of the timber. The contents of the 
vat, as long as the requisite density is 
maintained by the occasional addition of 
the chemicals involved, lasts for an in- 
definite time, but has to be boiled once 
a month to coagulate and remove the 
organic matter contained in the sap and 
expelled from the timber treated therein. 
From time to time, in seasoning, to pre- 
vent the solution becoming acid, mag- 
nesium oxide is added. The current, 
which is generated at 110 volts and used 
at that pressure for seasoning and pre- 
serving, is reduced to 30 volts through 
a stepdown transformer for fireproofing, 
is passed through the timber in the vats 
for from 7 to 14 hours in the first case, 
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14 to 24 hours in the second, and 48 
hcurs in the third case, the length of 
treatment varying with the specific elec- 
trical resistance of the timber under treat- 
mient, its texture, thickness, and degree 
of moisture. and is more rapid the 
greener the wood and the fresher the sap 
that it contains. The average consump- 
tion of current is from o.17 electrode 
power hours to 127 watt hours and double 
that amount per cubic foot for seasoning. 
The density of the current is maintained 
at from one-third to one-sixth ampéres 
by regulating the amount of emergence 
of the timber treated out of the solution 
contained in the vat. 

The timber is treated in a bath con- 
taining a 20 per cent. solution of mag- 
nesium sulphate at the temperature of 
go deg. F. for seasoning, and one of 
25 per cent. to 30 per cent. zinc sulphate 
for preserving, at the same temperature 
of go deg. F., in both cases the pressure 
being 110 volts and the density one- 
sixth of an ampére. For fireproofing a 
saturated solution of ammonium sulphate 
containing a small percentage of boric 
acid, at the temperature of 175 deg. F. 
is used ; but in this case the current pres- 
sure is 30 volts and the density of one- 
third ampére, while the treatment lasts 
48 hours. In seasoning, the direction of 
the current is from time to time changed 
so that half of the electrical horse power 
used is passed through the timber across 
the grain in one direction and half in the 
other. 

The phenomena evolved by the elec- 
trical treatment may be classed under the 
following heads : 

(1st) Capillary activity excited by the 
electric current producing an evacuation 
of the sap contained in the intercellular 
spaces and open cells of the timber, and 
its replacement by the salt solutions con- 
tained in the vat. (2nd) Osmotic activity 
producing an exchange between the sappy 
salts in the closed cells and tissues, and 
the salts contained in the solution through 
the walls of the cells and _ tissues. 
(3rd) Simultaneous electrolysis of the or- 
ganic salts ‘contained in the sap. 
and the cementing materials of 
the woody tisues. and the inorganic 


salts of the solution, with the forma- 
tion of new, stable, and unferment- 
able mineral compounds _ therefrom. 
(4th) Direct electrolytic action on the 
ligneous fibre, tending to increase its ten- 
sile properties. (5th) Destructive action 
by the electric current and the salts in 
solution upon the ferments of decom- 
position and putrefaction contained in 
wood. (6th) Formation of antiseptic 
compounds in the mass of the timber 
calculated to prevent the ulterior develop 
ment of, germs of decomposition and to 
discourage the attacks of insects. 

In all these operations, the electric 
current plays the most important part. as 
the quantity of salts absorbed from the 
solution, which necessarily varies with 
the density of the timber, is always too 
small to account alone for the great 
changes produced therein. The careful 
analysis of samples taken from various 
parts of a scantling of spruce fir treated 
by the sulphate of magnesium {20 
(Mg S O, 7H,O)+80 (H,O)} process, 
yields the following results :— 


Magnesium oxide (MgQ) in com- 
bination with organic acids ... 
Magnesium in combination with 
sulphuric acid (H,SO,) ...... 0.15% 


Sulphuric acid combined as 

MES sib ca ahh oe kr oc eccsaasa cee 0.30% 
Sulphuric acid absorbed by the 

tissues of the timber ......... 0.50% 


Sulphuric acid free in the bath... Traces. 

In close-grained timbers such as oak 
the proportions are about one-third of the 
above. By incineration the comparison 
between treated and untreated timber as 
to amount of cinders yielded gave the fol- 
lowing results :— 


Spruce, untreated ...... 28% 
Do, Weed .«........ 82% 
Oak, untreated ......... 30% 
ee, SOOREE ..dsceiccess 90% 


Removed from the vats, the treated 
timber is stacked in open sheds and in 
open order from eight to fifteen days. to 
sweat off their surface moisture, and 
‘could be completely dried in the same 
stacks in from one to six months, were it 
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not for the question of time. The opera- 
tion of drying is, however, usually com- 
pleted in a closed room, where it is 
restacked in the same open order, the 
temperature of which is maintained at 
from 86 deg. to go deg. F. Here the 
air is constantly drawn off by a fan, and 
the evaporation of the remaining mois- 
ture, assisted by the constant current of 
warm air passing through the stacks, and 
complete drying is effected in from fifteen 
days to two months. In the case of the 
preservative treatment with sulphate of 
zinc, the subsequent drying process need 
not be so thorough as with the season- 
ing, and this is the process applied to 
paving blocks and sleepers, and, in fact, 
to all timber used for outdoor purposes. 
The same remarks apply to timber treated 
for fire protection. 

The advantages presented by the arti- 
ficial seasoning or “aging ”’ of timber by 
the process described above may be sum- 
marized as follows: 

Greater rapidity in drying; improved 
fibre; diminution of waste; greater re- 
sistance to variations in temperature and 
moisture ; and increased resistance to rot- 
ting and the attacks of insects. 

Wood pavement prepared by this 
process was laid in one of the busiest 
thoroughfares in the City some eighteen 
months ago, and compares very favour- 
ably with other paving blocks of same 
age, though the comparison is between 
comparatively soft wood in one case and 
hard timber in the other. In Paris the 
results have been also excellent, and the 
application of this process of seasoning 
to woods used in carpentry and cabinet 
making has been most successful. 

It should be added that several 
branches of investigation, starting from 
the initial idea of the electric treatment of 
timber, have been followed up with suc- 
cess by Messrs. Nodon & Bretonneau. 
such as the ccloration of the tissues of 
wood for manufacturing purposes, the 
colouring matter being introduced with 
the non-colouring preservative chemicals ; 
second, the extraction with the sap of 
tannin (from oak, etc.), of dye (from log- 
wood), of quinine (from the Cinchona 
tree), of resins, caoutchouc, gutta percha, 


etc. (from the trees producing them), all 
with eminently encouraging — results. 
Finally, the process of electric seasoning 
has been applied to the decortication of 
fibres, and it seems very likely to furnish 
the solution which has so long been 
looked for, in a mechanical direction, 
with remarkable lack of success. 

A new patent wood preserving process 
has been quite recently developed in the 
United Kingdom, on an industrial scale, 
by the Powell Wood Process Syndicate, 
Ltd., and has been applied to almost 
classes of wood-work, paving blocks, 
sleepers, and decorative mouldings. By 
means of this process, which can be ap- 
plied in a very few days, newly-felled 
timber can be treated with a distinct 
increase in tensile strength, toughness, 
and durability, with improved capacity 
for resisting dry rot and a decrease of 
porosity and inflammability. In cost, 
this process is stated to compare favour- 
ably with other seasoning processes. The 
process belongs to the Plenum class 
of chemical proceses, and the preserva- 
tion is effected by placing the timber in 
contact with a saccharine solution under 
favourable conditions for its impregna- 
tion, and then drying artificially. The 
wood for treatment, while still green, is 
sawn into standard scantling and then 
stacked in open order and fastened down 
on special platforms, which are placed on 
lorries and run trom the loading stage 
into the treatment chamber. This cham- 
ber is formed of a cylinder 30 ft. long by 
6 ft. 6 in. in diameter, and is fitted with 
a massive iron door worked by pulleys; 
on the floor of which there is fixed a 
permanent track, along which the lorries 
work, and to which they are clamped 
when placed in position and the cylinder 
filled. The door is then closed and 
hermetically sealed. Along the inside of 
the chamber run pipes connected with 
the boiler on one side and the cold feed 
on the other ; by this means, either steam 
for heating or water for cooling can be 
admitted as desired. The chamber is 
also connected by a series of pipes with 
storage tanks holding from 5,000 to 
6,000 gallons of process liquid. There 
are several separate tanks to store dif- 


THE MODERN SEASONING OF 


ferent liquid preparations for weatment 
of different classes of wood, as the 
character of the liquid has to be 
varied for hard and soft woods. Above 
the storage tanks is a small tank contain- 
ing boiling water to melt the sugar 
added to the process liquids. The mix- 
ing of the process liquids and the filling 
and emptying of the chamber is effected 
by two centrifugal pumps. The degree 
and rate of heating to which the chamber 
is subjected, and the method and rate 
of cooling, vary also with the different 
classes of wood subjected to treatment. 
In front of the impregnating chamber are 
a line of three drying chambers heated 
by air from a Blackman stove, driven by 


Data Relating to the 
Air Lift. 


For the proper working of an air lift a 
certain amount of submergence is necessary. 
For the most economical and efficient results a 
submergence of 60 per cent. should be used. 
That is, 60 per cent. of the total length of 
the water discharge pipe should be below the 
water level in the well when pumped to its full 
capacity. For instance, let us assume that in 





RATIO OF WATER TO THE AIR REQUIRED. 


For Lifts Not 
Exceeding 


25 feet 2 vols. of air to 1 of water 
50 feet 3 _ vols. of air to 1 of water 
75 feet 44 vols. of air to 1 of water 
100 feet 6 vols. of air to 1 of water 
125 feet 74 vols. of air to 1 ot water 
150 feet 9 vols. of air to 1 of water 
175 feet 10 vols. of air to 1 of water 


200 feet 12. vols. of air to 1 of water 





a well 200 feet deep when pumping the water 
sinks to 40 feet below the surface of the ground, 
and it is desired to lift the water 20 feet above 
the surface of the ground. This gives a length 
of pipe 60 feet to the water level in the well, 
and, as this does not include the submerged 
part of the pipe, it is only 40 per cent. of the 
total length of water discharge pipe, the total 
length will, therefore, be 60 feet plus 14 times 
60 or go feet submergence, making a total 
length of 150 feet of water discharge pipe. 

It is not safe, unless under very favourable 
conditions, to figure on raising the water by 
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a 48 in. fan through ducts leading into 
the three chambers which are kept at 
the temperature respectively of 123 deg., 
160 deg., and 218 deg. F. Through 
these chambers the timber to be dried 
passes from the coolest to the hottest. 
The necessary power for pumps, fans, etc., 
is supplied by a 35 h.p. horizontal engine. 
The requisite steam for the engine and 
the process chamber is provided by a 
Lancashire boiler. 

The _ limitations of the Plenum 
chemical processes and their effect on 
the cells of the timber treated has already 
been pointed out in an earlier portion of 
this article, so ao further comment will 
here be necessary. 
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the air lift system more than 2co feet above 
the lowest water level in the well. Nor is it 
always safe to extend the horizontal discharge 
more than 500 feet, as the air lift is not adapted 
to pumping horizontally to any great distance, 
unless reinforced by a pneumatic direct 





VOLUME OF FREE AIR, AIR PRESSURE, SUBMERGENCE 
: AND HORSE-POWER. 
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175 263 115 I*4 0°3150 
200 300 130 16 0° 3808 





pressure pump, or an ordinary piston pump. 
Either of which, however, could be operated by 
compressed air from the same pipe that supplies 
the well 

Suppose, for instance, that it is desired to 
lift 120 gallons of water 100 feet high per 
minute. It will be seen by the above table 
that this will require 150 feet submergence, thus 
making 250 feet of water discharge pipe, 65 
pounds air pressure, 96 cubic feet of free air 
per minute and a compressor developing 15°84 
horse-power.—A. H. Gorr, in the Engineer, 
Chicago. 








Bridge Design: 


An Investigation into the Development of the 
Anatomy of Distinctive Types of Bridges. 


By J. KERR ROBERTSON, A.M.Inst.C.E. 


N the two classes of railway under- 
bridges—bridges of limited and 


bridges of unlimited head-room. or, 
to adopt the more succinct terms 


applicable to steelwork. through and 
deck bridges—the former have been 


driven by necessity, the latter by prefer- 
ence. For the physical conditions which 
influence the vertical location of a rail- 
way often necessitate the adoption of 
one of two expedients to attain the same 
object: either the formation level of a 
railway must be elevated. or the surface 
of the road depressed, to provide suff- 
cient head-room for the road traffic. 

The adoption of either of these ex- 
pedients entails an expenditure produc- 
tive of no commensurate advantage to 
the undertaking. Aiming, therefore. at 
the reduction of this necessary but un 
profitable employment of funds, engi- 
neers have evolved the type of bridges 
described in the previous article. 

Any discussion on the design of under- 
bridges. where the considerations en- 
forced by the limitation of the head-room 
are absent, introduces the question of 
masonry structures, which are at 
the most reliable, durable, and economi- 
cal form of construction for bridges whose 
spans are within the range to which the 
arch can with advantage be applied. Due 
recognition must be given to the claims 
of the physical conditions obtaining at 
the sites of proposed bridges. which. if 
properly interpreted, decide the form of 
construction to be employed; for either 
because of the proximity of material, sim- 
plicity of construction, expense of trans- 
port, or the difficulty of scaffold erection, 
absence of skilled labour. feasibility of 
erection alternative but the 


once 


leave no 


II. 


adoption of masonry and steel in the 
respective conditions. 

In the crossing of railways, canals, and 
navigable rivers, the conditions imposed 
by the authorities in charge of them will 
influence the form of design adopted ; 
but for roads the Railway Clauses Con 


solidation Act. 1845, enjoins that: 


Every bridge erected for the purpose of 
carrying the railway over any road shail 
(except where otherwise provided by the 
special Act) be built in conformity with 
the following regulations (that is to say) :— 

The width of the arch shall be such as 
to leave thereunder a clear space of not 
less than 35 ft., if the arch be over a turn- 
pike road, and of 25 ft. if over a public 
carriage road, and of 12 ft. if over a private 
road. 

The clear height of the arch from the 
surface of the road shall not be less than 
16 ft. for a space of 12 ft. if the arch be 
over a turnpike road, and 15 ft. for a space 
of to ft. if over a public carriage road ; 
and in each of such cases the clear height 
at the springing of the arch shall not be 
less than 12 ft. The clear height of the 
arch for a space of g ft. shall not be less 
than 14 ft. over a private road. 


The strongest and simplest form of 
arch is a flat circular arc, having a rise 
of about one-fourth of the span; it fol- 
lows, therefore, that to fully realize the 
advantages accruing from the use of 
masonry under bridges at road crossings 
a clear distance of 25 ft. must be avail- 
able between the surface of road and 
the rail level for a 35 ft. span. Similarly 
for spans of 50 ft. and 25 ft.. 29 ft. 6in. 
and 22 ft. 6 in. respectively are required. 
The substitution of elliptical for circular 
arcs provides a greater area of unob- 
structed passage for traffic, with an ele- 
gance of appearance not found in flat 
circular arches, and for these reasons is 
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not unfrequently substituted for the more The limiting space for the advan- 


simple form of arch. 

In the design of bridges where the cir- 
cumstances of the location of the railway 
have necessitated the angle formed by 
the intersection of the lines of commu- 
nication being “skewed,” increasing 
thereby the length of the arc and entail- 
ing expensive elaboration of the vous- 
soirs, Masonry construction can, for rea- 
sons of economy, be abandoned. and a 
form of steel bridge adopted, which, 
where the head-room is such as not to 
restrict the demands of the design, have 
been termed “bridges of unlimited head- 
room.” 

In this class of bridge the prominent 
feature of design is the position of the 
main girders relative to the track, which 
are placed below and in such a position 
as to be able to support the moving loads 
without or with a minimum of stress 
transmitting members such as cross gir- 
ders. kelsons. etc. 


tageous use of masonry under-bridges 
varies and is dependant on local con- 
ditions. Each case must be considered 
on its own merits, but for spans above 
45 ft., when the head-room is available 
for deep girders, the adoption of stee!- 
work should be considered. 

The ordinary plate girder type 
design for this class of bridges has been 
applied to spans ranging from 36 ft. to 
140 ft. The range of economical appli- 
cation of plate girders to bridges of 
limited head-room has been shown to be 
reached with spans about 7o ft.. but in 
the class of bridge now under considera- 
tion, while 70 ft. theoretically remains 
the limit, practically the range has to be 
often considerably exceeded. as the pre- 
ponderating advantage of braced girders 
is only obtainable when the depth of the 
girders exceeds one-twelfth the span. It 
happens. therefore, that in this class of 
bridges, while the space available for 
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the girders of bridges of long spans is 
such that plate girders are the most eco- 
nomical, the space available in short 
spans warrants the adoption of braced 
girders. This apparent anomaly is attrib- 
utable to the depth of the girders being 
proportional to the spans. 

The application of plate girders to 
arge spans is entirely confined to road 
crossings, but in the normal conditions of 
design, plate girders are utilized for 
spans up to 70 ft. Of this type of bridges 





of unlimited head-room a common design 
is shown in Fig. 1 for a span of 66 ft. 
The girders are 5 ft. 6 in. deep. spaced 
5 ft. centres, and carrying on their top 
flange longitudinal sleepers. The foot- 
path is carried on braced brackets riveted 
to the main girders. A light flooring 
of wood or steel plates framed with T’s 
reduces the dead load to a minimum, 
which, with absence of cross girders, 
renders this design most economical and 
therefore of wide application. 


eee hk ae 


If for spans exceeding 70 ft., advantage 
is taken of the unlimited space below the 
rails to proportion the depth of the gir- 
ders, so as to secure an economical dis- 
tribution of stress, and therefore material, 
braced girders will prove the most eco- 
nomical type to adopt, as any loss of 
lateral stiffness in the girders con- 
sequent to increased ratio of depth to 
span can be repaired by introducing a 
complete system of wind and cross brac- 
ing. A not unusual design for bridges 
of this type is illustrated in Fig. 2. Two 
double system Warren braced girders 
127 ft. long, 10 ft. 2 in. deep, spaced g ft. 
apart, support on their top boom cross 
girders consisting of 9g in. X 6 in. 
I beams, spaced 3 ft. centres, laid in 
alternate lengths of 15 ft. and 1o ft. 8 in. 
The chairs are spiked to pitch pine longi- 
tudinal rail bearers 1 ft. 3 in. * 6 in., 
secured at the crossings of the I beams 
by 6 in. X 3 in. X # in. angles ro in. 
long; the space between the rails is 
decked with } in. steel plating. On either 
side of the rails the platform is raised 
5 in. above rail level, and longitudinally 
laid planking carried on T’s 6 in. X 
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3 in. x g in. forms the footpath. The 
lattice parapet is supported by T’s riveted 
to the ends of the 15 ft. cross girders, 
and stands 3 ft. 6 in. from the footpath. 

This type of design can be applied in 
the case of double lines by extending the 
distance between the girders to 15 ft.. 
but the consequent increase of stress in 
the cross girders, together with the in- 
creased material in the main girders, 
entails a heavy construction, which is 
held by some engineers to limit its appli- 
cation to bridges for single lines. 

The essential feature of alternative 
designs for deck bridges for two or more 
lines is the introduction of one or more 
main girders, which are so placed as to 
be equally stressed when subjected to the 
action of passing loads. This type of 
bridge may therefore either take the form 
of a series of single line deck bridges 
placed contiguous, giving the requisite 
width of road bed for the permanent 
way, each line of railway having its own 
bridge acting independently of each 
other; or the girders may be so placed 
relative to the rails that when the bridge 
is subjected to the maximum line load 
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the proportion of the load transmitted 
by the cross girders to each of the main 
girders is equal in amount. 

The first of these types is illustrated in 
Fig. 3. Each line of railway is carried 
by an independent bridge consisting of 
two braced main girders, of Linville type, 
counter-braced at the two centre panels, 
107 ft. long, 1o ft. 4 in. deep, spaced 6 ft. 
centres. The sleepers are supported 
directly on the top boom of the main 
girders without the introduction of cross 
girders. Cantilevers formed of L’s 3 in. x 
3 in. X 4 in. braced with 3 in. * 
3-16th in. bars. support the footpath, the 
lower angle being carried up to support 
a lattice parapet 6 ft. high. This bridge 
is certainly worthy of the claim of being 
“an admirable tvpe of engineering prac- 
tice, combining and exemplifying the 
most modern principles of construction, 
at the same time preserving a due amount 
of elegance in design.” 

As an illustration of an under-bridge 
with three main girders. Fig. 4 is a repre- 
sentative design. Three double triangu- 
lation Warren braced girders, 101 ft. 4 in. 
long, 8 ft. 7 in. deep, are spaced 8 ft. 3 in. 
centres, supporting 8 in. x 3 in. I beams 
of alternate lengths of 26 ft. o in. x 
21 ft. 6in., laid 4 ft. centres, and carrying 
# in. buckle plates. The usual footpath 
is carried on supports 8 ft. apart. 

In considering the design of viaducts, 
of steelwork, carrving single or double 
lines of railwavs over valleys and ravines 








often at great heights, the construction 
of the piers forms an expensive com- 
ponent of the structure; and with the 
object of reducing their dimensions the 
double girder type of deck bridge is with- 
out exception always adopted. The ad- 
vantages obtained by adopting this form 
of construction in the case of viaducts is 
obvious, as a great saving, both in the 
height and width of the pier, is effected. 
as in the case of a double line the space 
between the centres of extreme girders 
is reduced from 16 ft. 6 in. in the three 
girder type of bridge to 14 ft. 6 in. in 
the case of the double girder construc- 
tion, while the saving in pier masonry 
over the through type of structure is 
represented by the depth of the girders. 


Over=-bridges. 

The variety of design of over-bridges 
is of necessity limited to very simple 
forms, as the approaches to over-bridges 
are usually diverted and planned so as 
to secure an economical] type of bridge. 
the dimensions of which are regulated by 
the load gauge for any particular line. 

In this ciass of bridge masonry finds 
general use as the structure falls within 
the limits which embrace the most ad- 
vantageous features of arch construction. 
The form of arch which best meets the 
requirements of load gauge, and requires 
a minimum height of structure, is an 
elliptical or three-centred arch with a 
rise of about one-quarter of the span. A 
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general form of this design is shown in 
Fig. 5 for a 12 ft. occupation road over 
a single line of 15 ft. span. The arch 
has a rise of 4 ft. 3 in., and is 1 ft. 6 in. 
deep, constructed of masonry, and is of 
the three-centre type. The whole design 
secures a combination of durability, good 
appearance, and economy, which renders 
it of very general application. ; 

The corresponding design in steelwork 
consists of a series of girders laid parallel 
to the centre line of the road and spaced 
about 4 ft. centres, supporting some form 
of fiooring plates on which the road is 
formed. Fig. 6 illustrates this form of 
construction as applied to a 27 ft. span 
and carrying a 35 ft. road over a double 
line of railway. The outside girder is 
designed to form a parapet 4 ft. 6 in. 
high above the road, while the inside 
girders have straight lower flanges, but 
the top are cambered to meet the 
gradient of the road. Buckle plates 
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5-16ths in. thick, 4 in. square, are riveted 
to the top flanges and stiffened and 
secured transversely by T’s 6 in. 
3 in. X in. 

The obvious weakness of this design 
lies in the flooring, which prohibits the 
application of this design to over-bridges 
when the traffic is constant and heavy, 
as the flooring very soon wears and de- 
mands renewing. With the object of 
providing a structure of a more perma- 
nent nature, a combination of steel and 
masonry is widely adopted, which forms 
an excellent design for over-bridges 
where the traffic is heavy. In this type 
of bridge (Fig. 7) the main supports are 
steel plate girders, which should be de- 
signed to secure a maximum of stiffness. 
Brick or concrete jack arches are built 
between the girders, the haunches being 
filled with concrete, which is levelled off 
to form the formation bed of the road. 
The solid construction and great dead 
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load which the girders must be designed 
to carry make this a costly type of bridge, 
but the compensating advantages of 
durability and strength largely prepon 
derate and make the design of great im- 
portance and extensive application. 

In the last two types of bridges con- 
sidered, the girders have been placed 
parallel to the centre line of the road 
which they carry ; but when, either owing 
to the angle of skew or the length of the 
span, the distance between the abutments 
along the line of the girders becomes 
greater than the distance along a line 
perpendicular to it, the design should be 
modified to secure the advantages accru- 
ing from the shorter span, 7.¢., saving of 
depth of inside girders, material, and 
height of approach. 

The effect of supporting the cross gir- 
der on the lower boom of the main 


girders, while reducing their depth, 
imposes a greater load on the main 
girders, which are designed to support 
the whole live and dead load, which 
is transmitted as a series of concentrated 
loads. Fig. 8 shows a general form of 
arrangement at the junction of the 
girders, 

When, owing to the depth of a cutting 
or the flatness of the slopes, or the width 
of the road bed, the structure is placed 
beyond the simple forms, the require- 
ments of the case can usually be met by 
either a viaduct of three spans or by 
introducing columns into the steel types 
and modifying the design to meet the 
new conditions, and in this manner the 
useful range of these types can be ex- 
tended to include nearly all the con- 
ditions under which over-bridges are 
likely to occur. 





Coiling Springs. 


Tue illustration shows a handy and 
useful tool for making long, close-coiled 
springs of small diameter. It consists 
of a piece of Bessemer steel, about 
6 in. x fin. x }in., drilled through 
to suit diameter of coiling mandrel M, 
then counter-bored on opposite side to 
outside diameter of spring. TheholeH, 
through which the wire passed to the 
mandrel and chuck is countersunk to 
give more freedom. Change wheels 
geared to the pitch of spring, and the 
wire kept tight, enabled us to turn out 
good springs 6 in. long x } in. diameter 
with ease, and so doing away with the 
old method of making short ones, and 
afterwards soldering to make up the 
required length. 
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A Study of the Causes of Coast Erosion. 


By Dr. JOHN SWITZER OWENS, B.A., A.M.Inst.C.E., F.R.G.S., etc. 
(First Article.) 


N the following series of articles | 
propose to consider briefly the vari- 
ous forces which are active in erod 
ing or building up our shores, act- 

ing upon the generally accepted, but too 
often neglected, principle that a search 
for the cause should always precede a 
search for the remedy: diagnosis should 
come before treatment. It is not always 
possible to locate the cause or causes 
of an evil, in which case we are driven 
to use empirical remedies; but this 
should never be done unless it has proved 
impossible to strike deeper—at the root 
of the evil. In referring to this search 
for causes, I do not wish to be under 
stood as suggesting that the evil of coast 
erosion can be traced to one particular 
source; on the contrary, I hold very 
strongly the view that no general elucida- 
tion of causes will necessarily clear up 
any particular case of erosion. We can, 
however, lay down general principles 
which will indicate the lines along which 
a particular investigation should be 
carried out. It cannot be too strongly 
urged that each shore must be considered 
on its own merits, and it is only after 
due consideration has been given to all 
the special circumstances which may in- 
fluence the effect of the sea upon that 
shore that we should turn our thoughts 
to the question of preventing the erosion, 
since the nature of the remedy must 
necessarily depend upon the nature of 
the cause: 

In the following consideration of the 
various points calling for careful study 
[ shall avoid abstruse mathematical cal- 
culations and confine my attention to 
more practical limits. . 

What, then, are the various forces or 
agencies at work eroding or building up 
our shores? We will first consider the 
action of waves. The theory of waves 
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has been gone into very fully by Sir G. B. 
Airy, the late Astronomer Royal, and 
also by the Messrs. Scott Russell, Weber, 
Robertson, and some others. Valuable 
papers have been written upon the sub- 
ject by Dr. Vaughan Cornish for the 
Royal Geographical Society, and by 
Arthur Roope Hunt, Esq., M.A., etc., 
for the Royal Society, the latter dealing 
with the subject from an experimental 
point of view, and being strongly in 
favour of working models for elucidating 
the problems of wave action. 

Mr. Hunt gives the following very con- 
cise definition of the character of oscil- 
lating waves as being that generally 
accepted : 


Such swells are composed of ridges 
above and of depressions below the level 
of repose of the water. 

They impart to a particle of water itself 
or to. a light, floating object a circular 
motion. Such particle describes the 
circle with uniform velocity, and in the 
direction of the motion of the wave itself. 

The diameter of the circle is equal to 
the height of the wave from trough to 
crest. 

From the circular motion of the particle 
it follows that, when above the level of 
repose, it is moving forward; when below 
that level, moving backwards. In other 
words, the water composing the crest of 
the wave is moving forwards; the water 
composing the trough is moving back- 
wards. 

The trough always precedes the crest 
in point of sequence. This latter is not 
at all obvious when watching a series of 
waves rolling in, one after the other; but 
when observing artificial waves produced 
in an experimental tank, it is noticed that 
the arrival of the crest of the first wave 
at a fixed point is invariably preceded 
by a lowering of the water-level at that 


point. corresponding to the arrival of 


the trough of the wave. 
In this movement or oscillation it must 
D 
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DIRECTION or PROPAGATICNor WAVES 
Pp 





be clearly kept in mind that there is no 
alteration in the position of a particle of 
water relative to the bottom after the 
wave has passed by; it is left in the same 
position in which the wave found it, hav- 
ing merely performed a circular oscilla- 
tion in a vertical plane. 

It is most difficult to rid the mind of 
the impression of an actual shoreward 
movement of the water itself when watch 
ing from a pier or cliff a series of these 
waves rolling in, and the remarkable way 
in which they retain their individuality. 
The motion of the water particles cor 
responds closely to that of a point in a 
long rope which is kept stretched out 
while one end is oscillated quickly up 
and down; a series of waves is seen to 
traverse the rope from end to end, but 
the rope itself is not drawn to either end. 
This is illustrated in Fig. 1. 

These waves are called waves of 
‘oscillation,’ but there is another type 
of wave, called a wave of “translation,” 
in which the water is actually perma 
nently displaced by the wave; this, how- 
ever, I shall not deal with at present. 

The oscillation of the particles of 
water due to a wave of the first type ex- 
tends downwards through the water, the 
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particles revolving in smaller 
and smaller circles as the dis- 
tance from the surface in 
creases, until eventually the 
movement dies away. It is, 
therefore, only a surface skin 
of the ocean which is dis- 
turbed by waves, but what 
the thickness of the layer is is still open 
to dispute. It has, however, been proved 
that the oscillation in deep water de- 
creases in amplitude in geometrical pro- 
portion as the depth below the surface 
increases in arithmetical progression. 

Dr. Vaughan Cornish, in his paper on 
“Sea Beaches and Sandbanks,”’ in the 
Royal Geographical Society’s Journal, 
says that “the agitation of even the 
largest recorded waves only disturbs the 
water appreciably within a depth of 
about 150 fathoms.” 

When an Atlantic roller, for instance, 
approaches our shores, there is a certain 
point in its journey when the agitation 
of the water particles due to the wave 
reaches to the bottom ; this is, of course, 
a natural consequence of the shoaling 
of the water. We have now come to a 
very critical point in the history of the 
wave, i.¢., the first opportunity which 
has been offered to it of producing 
any effect upon the bottom of the 
sea. Now, this must be kept clearly in 
view, for the waves can have no effect. 
good or bad, until they begin to feel 
bottom. 

When this critical point is reached, the 
nature of the oscillation of the lower 
particles undergoes a marked 
change. becoming more and 
more elliptical as we approach 
the bottom, until the actual mo- 
tion on the bottom itself de 
generates into a simple linear 
oscillation to and fro, approxi- 
mately at right angles to the 
shore-line. I will call this point. 
where the wave first touches 
bottom, “Critical Point No. 1,” 
since, as the waves continue to 
roll shoreward and the water be- 
comes shallower and shallower, a 
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second critical point is reached at which 
the wave “breaks.” Authorities differ 
as to the exact cause of a wave break- 
ing, some attributing it to the retarding 
effect of bottom friction causing the crest 
to over-run the face slope, others to the 
lack of a sufficient supply of water for 
the upward movement of tine face; the 
latter theory being supported by the ob- 
served fact that, prior to breaking, the 
upward sweep of the particles in the 
face of the wave becomes much more 
rapid, as the quantity of water conveyed 
becomes less, and the face more and 
more hollowed out. However this may 
be, we must now consider the action of 
the waves between critical points Nos. 1 
and 2, 2¢., the unbroken wave which 
touches bottom. The depth of the water 
in which the wave first touches bottom 
depends primarily upon the length of the 
wave as distinguished from its height, 
i.e., the distance from crest to crest. 
Hence long flat swells are capable of dis- 
turbing the bottom at a much greater 
depth than shorter but higher waves. Dr. 
Vaughan Cornish* says: 


When a swell reaches the shallows of a 
shore, the depth being small, compared 
with the wave length, ... the front of 
the wave becomes steeper and the back 
flatter. In proportion as the form of the 
surface departs from the symmetrical 
curve of sines, which is the form of the 
ground swell in deep water, so does the 
motion of the water near the bottom 
depart from the perfect balance of har- 
monic oscillation. The forward motion is 
sharp and short, and the water is brought 
back to its former position by a slower 
motion lasting a longer time. 


Mr. Hunt, however. from his experiments 
and observation, came to the conclusion 
that the landward and seaward swings of 
the particles were performed at the same 
velocity, and says that this balance is 
often illustrated by the symmetrical sand 
ripples beyond L.W.M. I do not know 
of any experimental evidence in favour 
of the view that the landward swing is 





Paper on ‘‘Sea Beaches and Sandbanks."' Royal 
Geographical Society's Journal. Dr. Vaughan Cornish 
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short and sharp, and the seaward longer 
and slower. I have often observed the be- 
haviour of particles of sand, shells, etc., 
on the bottom of a pool over which small 
waves were passing, and the movement 
communicated to these was, as far as I 
could judge, a linear oscillation in the 
direction in which the waves were travel- 
ling, each movement being performed at 
the same velocity. In what follows the 
latter is assumed to be the correct 
description of the motion. 

Now, as this linear oscillation takes 
place upon a bottom sloping seaward, it 
is clear that the seaward swing acts at a 
distinct advantage over the landward; 
and so long as the gradient seaward per- 
sists. and the movement is not interfered 
with by tidal or other currents, the result 
must necessarily be a translation seaward 
of the material on the bottom. Also, as 
the water shoals, the amplitude of the 
oscillation increases, and therefore the 
advantage of the seaward over the land- 
ward movement also increases; hence 
the transport of material becomes greater 
as we approach the shore, the sand, etce.. 
being brought seaward from the shal- 
lower into the deeper water. Another 
result of this, would be to cause part 
part of the matter moved from the sea 
bed nearer shore, to be deposited again 
a short distance seaward, but still within 
the limit of wave action, since, owing to 
the greater amplitude of the motion 
nearer shore, more material will be 
brought from the region of greater 
amplitude to that of lesser ampli- 
tude than can be moved seaward from 
the latter. The following interesting in- 
ference appears to follow from the above 
consideration :—Unbroken waves, when 
they touch bottom, usually “erode” or 
carry seaward the material of the bottom. 
when it is such as falls within their 
power to move at all. Further, if unbroken 
waves alone acted on the shore, they 
would tend to cut out a flat platform or 
terrace under the water rising landward 
in a steep slope up to the general level of 
the land, on which the material lay at its 
natural angle of repose in air, and termi- 
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nating seaward in a steep slope down to 
deep water, the material lying here at 
its natural angle of repose in wader. This 
platform would represent the greatest 
depth to which the waves disturbed the 
water. In the event of landslips on the 
landward slope, the result would be to 
produce a gradient seaward, and a con- 
sequent travel of the material ot che slip 
seaward, until the gradient was de- 
stroyed ; and, in the event of a landslip 
under water, on the seaward slope, the 
result would be to put into action a 
restorative process at once, as the par- 
ticles being rolled seaward over the plat- 
form would fall into the breach thus 
caused, and so tend to automatically re- 
store the outline. Of course, this is an 
ideal state of things, and assumes the 
waves to be uninterfered with by other 
agencies, such as tidal currents ; but that 
such a terrace or platform exists is an un- 
disputed fact. It is not a level terrace, but 
a gently sloping one, known by geologists 
as the “Continental Platform” or the 
“too-fathom platform.’ The depth of 
water along its seaward margin approxi- 
mately corresponds to the greatest prob- 
able depth of wave disturbance, i.¢., 100 
to 200 fathoms. (See Professor Hull’s 
paper on “Suboceanic Terraces and 
River Valleys of the Coast of Western 
Europe’ read before the Victoria Insti- 
tute, in which, referring to this terrace, 
he says :—" The floor of the platform is 
composed of fragmental matter, such as 
gravel, banks and sheets of sand. clay, 
and occasional boulders of rock. These 
materials have been carried down into 
the sea by the rivers, or dislodged from 
the coast cliffs, and spread over the floor 
by tidal currents . the great declivity 
along which the platform breaks off sea- 
wards becomes the physical line of sepa- 
ration between the essentially oceanic 
and essentially littoral deposits.) The 
existence of this “100-fathom platform ”’ 
is almost universal, and affords food for 
thought as to the possible connection 
between it and the action above de- 
scribed. It is generally considered to be 
due to subsidence combined with ero- 


sion, and its origin is thus described by 
Professor Hull in the above paper: 
“During the Cretaceous period there 
was wide prevalence of oceanic condi- 
tions and great depression of the land. 
With the introduction of the Tertiary 
period, elevation of the land commenced. 
becoming accentuated throughout the 
Mio- Pliocene periods, and probably 
attaining its maximum result at the 
commencement of the Pleistocene or 
Glacial epoch. The initial — effect 
of the emergence on a _ surface 
gradually sloping down, from the 
emergent lands to the abyssal regions of 
the ocean would be the formation of a 
‘ plane of marine denudation’ (to use 
the phrase of the late Sir Andrew 
Ramsay). This gradually sloping plane. 
levelled and eroded by wave action dur- 
ing the process of emergence, is now re- 
presented by, though not conterminous 
with, the British and Continental plat- 
form. Ultimately, when the elevation of 
the sea bed attained its maximum, and 
a prolonged pause occurred. wave 
action came into full play, cutting back 
the emergent lands along the ‘ dase-level 
of erosion, a process continued during 
subsequent subsidence and submergence 
down to the present day.”’ 

Passing on from the consideration of 
the unbroken wave, we will now consider 
the wave after it passes the second criti- 
cal point and “breaks.’’ The action of the 
breaking wave is in no way to be com- 
pared with the unbroken—the latter is, 
in my opinion, essentially an erosive 
action, the former an accumulative—.e.. 
to some extent their actions are opposed. 
The most distinctive feature of the break- 
ing wave is the plunge, or act of break 
ing, and in this we have. I think. the 
secret of the accumulative action of 
breaking waves. When I savy that the 
action of these waves is accumulative, I 
do not wish to be taken as meaning that 
they always build up a shore, which is 
very far from being the case, but that. 
speaking broadly, they have, when un- 
interfered with by currents, etc.. a ten- 
dency to transport material shorewards. 
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(1) A curious effect of wave action ; the rock being eroded at its 
base so as to reflect the wave striking it back upon itself. 


(2) Violent swirls and eddies produced by small outlying 





obstruction. 


[ 
« 
G7 
(3) The eroded base of the rocks is here seen. Also a wave in 
the act of breaking upon a cushion of water from back-wash of 


preceding wave. 

(4) The water is projected violently upwards by a wave 
striking a small vertical surface of rock. The fall of such water 
exercises a powerful erosive action on roadways, promenades, &c. 


Their action has been usefully divided 
into three separate parts or phases : 
(1) The “plunge” or act of breaking. 
(2) The “up-rush” of water shore 
ward after the plunge. 
(3) The “back-wash”’ or return sea 
wards of this water. 
It is obvious that the plunge must vio- 
lently stir up the bottom, and throw fine 
matter, such as sand, into suspension in 


~~. | 
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the water; the “up-rush”’ following im 
mediately upon the plunge, therefore, 
starts highly charged with suspended 
matter, assuming sand to be present, or 
if only shingle is present, a violent shore- 
ward impact is transmitted to the pebbles. 
The current then carries this matter up 
the vradient, shorewards; but on the 
water reaching its highest point, the 
velocity has died away, and there is a 
consequent deposition of material, which 








595 


is left behind by the “back-wesh,”” which 
has no such violent start to help it as the 
‘“‘up-rush,”’ but simply starts from rest. 
This action of the breaking wave is one 
of the most complicated we have to con- 
sider. There is always a tendency for 
a balance to be attained between the 
relative transporting powers of the ~up- 
rush’ and “ back-wash.” Obviously, the 
quantity of material carried by each, de 
termines the question as to whether ero- 
sion or accumulation is going on, (con- 
sidering the waves alone, and assum- 
ing them to strike parallel to the shore). 
The amount of matter carried up by the 
“‘up-rush,”’ tends to build up a gradient 
sufficiently steep, so that the help given 
to the “back-wash” by gravity will 
counterbalance the help given to the 
““up-rush "’ by the plunge. Another fac- 
tor having a strong bearing upon this is 
the porosity of the beach material; but 
this comes into play more particularly on 
beaches composed of coarse material, 
i.e.. shingle beaches, and will be con- 
sidered later on. The breaking waves 
often cut a peculiar curve in the fore- 
shore near H.W.M.. especially if waves 
of the same size are rolling in at regular 
intervals. The formation of this curve 
is attributed to percolation by Mr. Hunt* 
and by Dr. Vaughan Cornish.t The 
latter. referring to this point, says: 

“The steepness of the ridge at each 
point is such that the assistance which 
gravity gives to the down-flowing surface 
stream counterbalances the loss of trans- 
porting power due to percolation at that 
level.’ But, considering that the velocity 
of the “up-rush,”’ and consequently its 
transporting power, diminishes in accord- 
ance with the well-known law, v? = 2 g f, 
and the velocity of the “back-wash”’ 
when flowing down the gradient also 
obeys the same law (neglecting friction), 
it appears to me there must be an inti- 
mate connection between this curve, and 


‘Denudation and Deposition by the Agency of 
Sea Waves 3y Arthur Roope Hunt, M.A., F.L.S., 
F.G.S., ete 


+ ‘‘ Sea Beaches and Sandbanks.” 3y Dr. Vaughan 
Cornish 
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the rate of diminution and growth of the 
vel city . 

It will be noticed that this analysis of 
the action of the breaking wave assumes 
that the wave, when it breaks, has time 
to complete its cycle before it is inter- 
fered with by the following wave. This 
is not always the case, and if the waves 
strike the shore at such frequent inter- 
vals that the “back-wash”’ of one is 
met by the “up-rush” of the following 
wave, a very peculiar state of affairs is 
produced. At first sight, one would say. 
here is a case where there must be great 
accumulation going on, since the “back 
wash’ is met in this way by the “ up 
rush’ and its scouring action presum- 
ably destroyed; but no, this is a most 
deceptive appearance, and is not borne 
out by closer observation, for instead of 
the checking of the ““back-wash ”’ by the 
water of the incoming wave, it simply 
glides up over the surface of the “back- 
wash,” thus completely reversing our 
first conclusion; for here we have an 
under current flowing seaward, and, on 
the top of it, a landward current. It is 
obvious the landward current cannot thus 
pick up any material from the bottom. 
and some of what it may already have 
in suspension will be robbed from it by 
the down-flowing under current. This 
overtaking of one wave by another is very 
common, and results sometimes from a 
crowding of the waves on to each other by 
an on-shore wind. Of course, it depends 
also to a great extent upon the gradient 
of the shore, or any cause which is cap 
able of increasing the frequency of the 
waves, so that the intervals between them 
are less than the time taken for a wave to 
go through its complete cycle of “ plunge. ’ 
“up-rush,”’ and “ back-wash.” 


Oblique Waves. 


In the above consideration it has been 
assumed that the waves struck the shore 
approximately at right angles to the 
shore-line, the waves themselves being 
parallel to the shore-line. Under cer- 
tain circumstances, however, the waves 
do not roll in in this way. A wave of 
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oscillation rolling in from deep 
water always tends to swing 
round parallel or nearly so to the 
shore before breaking, this result 
being due to the effect of bottom 
friction. The part of a wave 
arriving first in shallow water has 
its velocity of propagation re- 
duced at once, thus allowing the parts 
not yet in shallow water to. over- 
take it, and forcing it more or 
less into parallelism with the shore. 
For it is clear that the part in shallower 
water, will always tend to be overtaken 
by that in water not so shallow. How- 
ever, under some circumstances they do 
not arrive at parallelism, but strike the 
shore obliquely, and this is notably the 
case under the influence of a wind blow- 
ing along-shore. It also occurs when 
there is not sufficient time for a wave 
to swing round before striking, owing to 
the conformation of the coast, as, for 
example, when waves striking parallel 
on to the end of a headland are strik- 
ing obliquely on to the flanks. In what- 
ever way produced, the action of these 
waves is very peculiar, and will best be 
understood by reference to Fig. 3, where 
a, b, c, d, e are supposed to be such 
waves, the dotted line representing the 
shore-line. 

When these waves break, the “up- 


Canadian 


At the conclusion of the address descriptive 
of the visit of English engineers to America, 
which Sir William White recently delivered to 
the Institution of Civil Engineers, he said that 
the development of the Dominion of Canada 
was in an early stage, but those charged with 
the responsibility of government were fully 
alive to the grandeur of its resources and its 
potential greatness. The realisation of this 
policy depended largely upon the execution of 
engineering works of enormous magnitude 
Those who took part in this visit had but a 
glimpse of what was being done to utilise the 
natural advantages of the country, but enough 
was seen to make it certain that in Canada was 
to be found a splendid field for British enter- 





rush” does not travel straight up the 
shore, but at an angle, nor does the 
“back-wash ” return straight down. The 
velocity of the “up-rush’’ may be con- 
sidered at the resultant of two com- 
ponents—one at right angles to, and one 
along the shore. Now, when the wash 
of the wave travels up the beach, the 
velocity at right angles to the shore 
is destroyed gradually by gravity, but 
the other component is unaffected, the 
result being that a particle of sand taken 
from any point P is carried up in a 
curved path to O, and down again to X, 
if not deposited, the final result being 
a movement of the particle along shore 
from P to X. Hence these oblique 
waves cause a travel of material along 
shore in the direction towards which they 
are inclined, or, in other words, in the 
direction of the wind, the individual path 
of each particle being approx mately 
parabolic, such as is described by a 
projectile thrown at an angle into 
the air. 


Engineering. 


prise and capital. Canadian engineers without 
exception expressed the hope that in the organi- 
sation and conduct of the great works now 
contemplated or to be undertaken hereafter 
they would have the assistance of British 
engineers and especially of young engineers. 
No better school for aspirants in the profession 
could be found than that afforded by the 
Dominion. What was true of Canada was 
true also of our other Colonies and Dependen- 
cies, and it might be hoped that British enter- 
prise and capital would be more devoted in the 
future to the development of the resources of 
the British Empire, and less to corresponding 
work in foreign countries 
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Materials which 
Retard the Setting of 


Portland Cement. 


PoRTLAND CEMENT when mixed with 
water has two properties pertaining to the 
hardening process, which are known 
respectively as the ‘setting,’ which marks 
the preliminary process during which the 
mortar becomes pasty and brittle, and 
which, according to the investigations of 
Le Chatelier, is due to the formation of a 
saturated solution of alumina compounds, 
and the ** hardening * process which takes 
place later and is largely due to the forma- 
tion of crystals of silica compounds. 

Practical difficulties often arise in the 
proper gauging and use of the cement 
owing to the process of setting taking 
place too rapidly, and some material has 
for many years been mixed with the 
cement to retard the formation of the 
crystals of aluminate of lime and similar 
compounds and thus regulate the time of 
setting 

For this purpose sulphate of lime 
(CaSO,) or gypsum has been principally 
used, but the effect of the latter is only 
temporary if the cement is exposed to the 
air and other materials have been sought 
for. The present article gives a resumé of 
some experiments conducted during 1904 
by Walter W. Kniskern and Wm. L. 
Gass, for the purpose of determining the 
regulating power on the cement of gypsum 
and chloride of calcium (CaCl,). 

Clinker, which had not been treated and 
in its normal condition made a very quick 
setting cement, was obtained from a large 
Portland cement firm, and was ground in 
a pebble mill under conditions which 
allowed the addition of various materials 
to be te sted. 

Table 1 shows the results of adding 
different amounts of gypsum which is pro- 
portioned by weight as indicated in the 
first column of the table. In these experi- 
ments the time of initial set is taken as the 
time when a pat of the cement made by 
mixing with the percentage of water 
shown would bear a rod with diameter of 
fy in. carrying a weight of 4 lb. For the 
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final set is that time which has elapsed 
since mixing, when the pat will bear a rod 
+, in. in diameter carrying a weight of 1 lb. 
The results of the trials with gypsum show 
that 14% produces the maximum effect in 
retarding the set and for the special 
samples tested no beneficial results were 
obtained by the use of a large amount. 


lable I.—Retarding Effect of Different Amounts of 


Gypsum, 
— Per cent.— Set—— 
CaSO, wate! Initial. Final 
g's 2 min 52 min 
27°6 eS « 87 
I'5 22°! so , 157 
2 22°! ae 1I4 
23°7 29 79 
69 
. 21 27 72 
+0 24°2 5 $5 
} $ } 
} 27 ) 
5°5 25°4 2 ws 75 
6'0 24'2 19 
6 f 2 $ 
7 2 4 IS ’ 59 


From previous experiments it is certain 
that with Portland cement of different 
composition or burned differently, the 
results would have been somewhat ditferent, 
though the above table shows that a 
maximum retarding effect is produced by 
the sulphate of lime when less than 2 % 
was ground with the clinker. 

Thus in Table 2 are given the results 
obtained by E. Candlot from adding 
different quantities of gypsum to three 
specimens of cement, which show in each 
case an increase in retardation up to 2%, 
and in one instance upto 4%. It will be 
noted that no effect was found on the time 
of the setting of the rapidly setting cement 
No. 3 when a larger quantity than 2 % of 
gypsum was added, which was the point 
at which maximum retardation was 
reached, though an increase of retarda- 
tion was noted in the case of the slower 
setting ones. 

Table 2.— Candlot’s Experiments with Gypsum. 

Time of setting in fresh water. 


Gypsuin Initial, Final, Initial, Final, Initial, Final, 
added hr. min. hr. min. hr. min. hr. min. hr. min. hr. min. 


o’o%, oO 7 oOo 22 o 7 o 15 o 2 o 5 
05% O 50 2 43 $ 10 o 17 o oO 5 
rmo% 2 40 4 50 3 §0 5 oO I 30 2 35 
1°5% 2 57 . ie ; §50 5 o 3; 20 5 15 
2°0", ; o 5 20 4 20 6 45 rT o 7 o 
0% 3 09 6 40 345 7 9 § 9 F 
vO% 3 30 7 o 5 o 7 0 5 7 90 
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Table 3 shows the temporary effect of 
gypsum in regulating the set when Port- 
land cement is mixed with fresh water, 
and these tests were made when the 
cement was exposed to the action of the 
air. 


Table 3.—Influence of Time on the Set of Cements 
Mixed with Sulphate of Lime (Gypsum) 
Initial Final, 
Gypsum hr. min hr. min 
frial made day of mixture I o 
; days after 2 4 
I ) 
) : 
day of mixture 19 
12 days after + 40 14 


day of mixture 


I S days after 18 te) 
I 1 “ , 11 
I day of mixture i 9 

S days after ; 8 


shows the result when the 
gypsum 


Table 4 
cement was mixed with 2°, of 
and kept in a very close bin. 








Table 4.—Eftect of Storage ght Bir 
ne of se 
rial 1de Initia — Fina 
On day of mixture nr ) it 6 hr 2 mir 
After one n vo 
After two m 





After five mo 





By adding small quantities of sulphate 
of lime the strength is increased save 
where the cement is immersed in sea 
water and the proportion of sulphate in- 
creased above 2%, when the briquettes 
show traces of alteration very quickly and 
in time completely disintegrate. 

From the experiments quoted it would 
seem that there is little or no advantage 
gained in adding more sulphate of lime 
than 2°,, and the author believes that it 
would not be unreasonable to call for such 
a limitation in specification. 

Table 5 shows that 2 to 4% of slacked 
lime or hydrate of lime added to a cement 
containing a small percentage of gypsum 
which has through the influence of time 
lost its effect in retarding the set, will 
restore the slow setting properties. 

Table Eftect of Hydrate of Lime on Slow-Setting 
Cement 


rime of set 
Initial, Final, 


Cement hr. min. hr.min. 
Containing 2 of gypsum = o 20 2 30 
Same; to which has been added 2 

of lime hydrate Ray » IO Oo 
Containing 1°\, of gypsum nk o 20 
Same; with 2%, lime hydrate added. 1 © 8 oo 

Test made in Sibley College laboratory 

of sample containing 2% sulphate o 12 0 15 


Same ; with 5% of lime hydrate added 2 ) 5 Oo 
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Influence of Chloride of Calcium in the 
Setting and Hardening of Portland Cement 
Mortars.—Portland cement, as shown by 
E. Candlot.in his investigations, when 
gauged with a teeble solution of chloride 
of calcium is greatly retarded in its time 
of set_ing, but when gauged with a con- 
centrated solution of chloride of calcium, 
é.g., 100 to 400 grammes per litre, the 
rapidity of setting is greatly increased, as 
shown in Table 6. 


Table 6.—Candlot’s Experiments with Chloride of 
Calcium. 
Solution 
of Time of setting of neat cement. 
Ca.Cl, I. 3 
gr. per | hr. min. hr. min. hr. min. hr 
a | 2 
I 8 35 I 14 ; 
4 5 s r 8 
f f 


The reasons being that a feeble solution 
tends to retard the solution of those 
alumina salts which on crystallization 
cause the material to set, and with a con- 
centrated solution of chloride of calcium, 
the aluminate of lime is attacked very 
energetically, thus causing a rapid set. 

A feeble solution of chloride of calcium 
acts very rapidly in hydrating or slacking 
lime, and.the experiment given in Table 7 
shows its action which is due to the rapid 
rise of temperature caused by the slacking 
action when the lime is mixed with the 
solution of chloride of calcium. 








Table 7.—Exprriment Showing Accelerated Slacking 
Due to Chloride of Calciun 
Temperature,degs C. —— 
Time ed -———CaCl, 
gr. perl. 60 gr. per 
Initial 8 5 S 
5 min 19 ) 
15 2 } 
20 2 x 8 
ae 25 8 909 
y 905 


The lime was completely slacked in 30 
min. when gauged with either solution of 
chloride or calcium, but required about 
48 hours before it was completely slacked 
when distilled water was used. 

Candlot has also pointed out that a con- 
centrated solution of chloride of calcium 
tends to harden Portland cement very 
rapidly and causes the maximum of tensile 
strength to be quickly reached. 

Table 8 shows that chloride of calcium 
added in small percentages either to the 
ground clinker or mixed with water for 
gauging has an important effect in extend- 
ing the time of setting of Portland cement, 
and so far as the investigations which are 
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FIG. I.—SECTION OF PATSCHKE ROTARY ENGINE, 





FIG. 4.—PATSCHKE ROTARY ENGINE WITH DOUBLE 
EXPANSION. 


accessible show, it does not have any 
detrimental effect on the permanent 
strength and hardness. 


Table 8.—CaCl, Ground Dry with the Clinker 


——~- Per cent.—--, ime of setting, min. 
CaCl, Water. Initial. Final 
29°8 2 52 
34°1 It5 274 
1 29°8 160 272 
1°5 26°4 167 234 
2 25°4 127 212 
26°4 103 150 
26°4 $5 152 
26°4 97 Ss 
45 25°6 63 50 
29°5 73 160 
5 29°8 76 84 
f 29°8 68 145 


Chloride of calcium is a deliquescent 
material which rapidly absorbs moisture 
and would probably cause the material to 
gather dampness and thus have a bad 
effect. The chloride of calcium solution 
can be added readily by adding it to the 
water used in gauging it as it dissolves 
with great rapidity. Experiments indicate 
that the set can be controlled by using less 
than 3 which would be something less 
than 2 Ib. to the barrel of Portland 


cement. 
— 
A Rotary 


Compound Engine. 


THE rotary compound engine of Patschke* 
has an automatically varying grade of ex- 
pansion of o to 80 per cent., or even to 100 


Prof. Niethammer. Electrical World and Enyineer, 
vy York, December 3rd, 1904. 


New 








FIG. 3.—SECTION THROUGH YY On F°G. I. 
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FIG. 2.—SECTION THROUGH XX OF FIG. I. 


per cent. Views of thisengine are given in 
Figs. 1, 2 and 3. Before acting on the 
rotary piston, H in Figs. 1 and 2,the steam 
drives a turbine wheel, K (Fig. 1), running 
in the same cylinder as H and fastened on 
the same shaft, D. As seen in Fig. 2, the 
rotating piston.H, has the shape of a crank. 
The steam enters at } (Fig. 1) and flows by 
one or more nozzles, O' (Fig. 3), on the 
turbine wheel, K, and passes through the 
rotating valve, G (Fig. 3), to the channel, 
C (Fig. 1), and to the expansion cylinder, 
E (Fig. 1), exerting a tangential force on 
the crank piston surface, H. The shaft, 
D, transmits the useful torque, while the 
turbine wheel, H, does duty as a heavy fly- 
wheel. The centrifugal axle governor, L 
(Fig. 1), influences the distributing valve, G 
(Fig. 1), by two racks and pinions. 

An assembly drawing of a rotary engine 
with double expansion in the same cylinder 
is given in Fig. 4, K being an elastic joint, 
R aspecial governor and S the receiving 
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valve. The Patschke engine is manufac- 
tured by H. Wilhelmi, Mulheim-Ruhr, 
Germany. Just how many engines are in 
regular service could not be ascertained. 
The table below shows the most im- 
portant data for four of these machines: 


Size, Speed, Length, Breadth Height, Weight, 
over all, 
H.P. r.p.m, m.m, m.m. m.m kg. 
I 250-2500 285 150 185 25 
104 250-650 1600 8385 1195 2,070 
1055 250-460 3400 2060 2060 14,500 
7000 250-350 5000 3900 3900 100,000 


It is remarkable that Patschke, as did 
Rateau, combines a reciprocating steam 
engine with a rotating turbine, which con- 
struction enables the speed to be reduced 
and renders reversing and speed variation 
easy to obtain. This latter characteristic 
is specially important for marine engines. 
It would seem that the rotary engine 
answers the requirements for such pur- 
poses, since as is well known practical 
turbines for ships must necessarily be com- 
bined with reciprocating steam engines for 
backward movement and low speeds. 


* 


Electric Soldering Tool. 

Ar the Penchot Zinc Works of the Vieille 
Montagne Company, an electric soldering 
tool is now in use which is a novelty in its 
way. The Penchot Works are used by the 
Vieille Montagne Company for their rolling 
mills and various finishing processes for zinc 
products, among which are zinc tubes 
which are bent to shape. The electric 
tool, which is employed for soldering the 
zinc tubes, is thus described in the Jron 
and Coal Trades Review. The head consists 
of two sockets of phosphor bronze, the 
upper one, 4, being provided with a thread 
and serving to receive the carbon holder, 
}, whilst the lower socket, d, receives the 
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copper solderer, f, and is lined with 
asbestos to prevent overheating. These 
sockets are connected with terminals ot 
the electric wires by means of two copper 
rods, i, i, passing longitudinally through 
the tool handle. The sockets themselves 
are separated by a layer of asbestos board, 
and the bolts by which they are held 
together are insulated by small micanite 
tubes and mica washers. The most suit- 
able current tension for the working of the 
tool is 25-30 volts, and under these condi- 
tions the instrument consumes 50 ampéres. 
Higher tensions can be employed, but it is 
found preferableto use a small transformer 
to reduce the tension to 30 volts. As the 
temperature of the operation varies accord- 
ing to the thickness of the zinc sheets 
under treatment, a rheostat is provided to 
enable the tension to be varied 5 volts at a 
time. A branch circuit is provided to a 
small electro-magnet, so that when the are 
is interrupted a bell is rung and the opera- 
tor is warned that the tool has ceased to 
work, and that he has merely to tighten up 
the carbon holder a little to restore the arc. 
The current should enter the tool by the 
copper and leave through the carbon; it 
this direction is reversed, the carbon is 
worn away quickly. 

To start work, the operator interposes 
the whole of the resistance in the circuit, 
and then places the copper and carbon in 
contact, after which he unscrews the 
carbon holder a little way, until the arc 
begins to glow. Subsequently the temper- 
ature is regulated by means of the rheostat. 

The carbons last a fortnight, and cost a 
penny apiece, while the copper solderers 
will last seven or eight months. The con- 
sumption of current is 14 kilo-watts, and 
the cost of working is about ts. 3d. per day. 
The principal advantages of electric solder- 
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ELECTRIC SOLDERING TOOL 
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ing are that the tool is ready for use in a 
few minutes, and can, by means of the 
rheostat, be kept at any desired tempera 
ture throughout the time it is in use. This 
constancy of temperature gives firmer and 
more uniform joints, superior to those 
obtainable when thick sheets have to be 
soldered with a tool heated in a coke fire, 
since in these circumstances the tool must 
be made red hot at first, in order that it 
may be hot enough to finish the joint, and. 
consequently, the solder is often burnt at 
me end of the pipe and imperfectly melted 
it the other. The tool is cheap to work. 
provided the source of current is not 
costly. Experiments made with a view to 
heating the copper solderer with resistance 
coils proved a failure, the coils quickly 

ind producing short circuiting 
juired to furnish the high temper 
itures necessary for soldering thick sheets. 


r) 
A Cable Power Scraper 
for Earth Excavation. 


wearing ¢ 


when re 


[HE accompanying sketches illustrate 
stea scraper which has beet used 
t 1 considerable extent in the United 
States. and has proved in economical 
chine oving earth. 


In Fig. 1. A is a detachable cutting 
blade of pl ugh steel. the s« raper be ing 
ypen forward of this blade: B is the back 
plate ; C C are the steel plate sides. and 


D D are the extensions of the sides, con- 
nected to the rear by pins atE E. Fisa 
yoke to connect the sides: G G are lugs. 


with pins to attach the hzuling rope; H H 
are rollers over which passes a rope con 
necting the hauling and rehaul ropes. The 


rehaul rope is connected at / I to bell- 
I hich are fulcrumed at F F 
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on wheels and connected to the back plate 
by pins at A. 

In case the scraper is to work in wet. 
sticky ground, the wheels L L are omitted, 
and the levers, made of wood, strengthened 
and shod with iron, rest on the ground, as 
shown by the dotted line at M in Fig. 1. 

Fig. 1 shows the scraper loading; Fig. 2 
shows it dumping, the hauling line being 
kept taut and the rehaul line causing the 
levers to dump the scraper, afterwards 
hauling it back in that position for another 
load, thus saving much wear on the scraper 
blade. Chains N prevent the wheels from 
touching the back of scraper. In case it is 
desired to carry dirt up an apron to dump 
on cars, the wheels O P Q are used to clear 
the blade and sides. In Fig. 3 is shown 
the method of attaching the hauling rope 
to work the scraper into a bank. For this 
purpose the side of the scraper is bent and 
carries a cutting blade, as shown. 

This steam scraper has been used in a 
variety of work and has given satisfaction 
under difficult conditions. 

For example, the scraper was used to 
dredge a lake, the material being conveyed 
400 to 7oo ft. in places in several feet of 
water, and dumped over a bulkhead 43 ft. 
high. The bed of the lake consists ofa 
foot or so of silt, overlaying a very hard. 
stiff blue clay, very difficult to excavate. 
The ground was moved at cost of 73d 
per cubic vard, and, with everything in 
good running order, at the rate of 600 to 
Soo yards per day. It was also used to 
load ballast trucks, digging gravel from the 
bed ot a river in several feet of water, 
carrying it 200 ft. up an apron and dump- 
ing on the trucks. Under these conditions 
the loading was effected at the rate of one 
,0-yd. truck every 16 min., and, as it took 
4 min. to move the trucks, the actual 
average loading time was 12 min. The 
cost per yard, loaded, was 33d. to 4d. 
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}-H.P. CHEMICAL SELF-PROPELLED FIRE ENGINE. 


The scraper has also been used for street 
grading, etc., long haul job. For small 
work, where much shifting of engine and 
dead-men is required, it will save little over 
other methods; but for large railroad cuts. 
irrigation ditches, canals, etc., it is a very 
efficient machine. 


* 


24-H.P. Chemical 
Fire Engine. 


THe fire-engine illustrated in the accom- 


panying figures was built to the order of 


the Leicester Corporation, the chassis 
being constructed by the Wolseley Tool 
Motor Car Company, Ltd., of Adderley 
Park, Birmingham, and the chemical fire 
extinguishing plant by Messrs. Sinclair 
and Co. 

The extinguisher consists of acylinder con- 
taining water in which is a solution of carbon- 
ate of soda. Ina suitable receptacle at the 
top of the cylinder inside is a small bottle 
of sulphuric acid. When it is required to 
discharge a cylinder, the bottle containing 
the sulphuric acid is inverted by means of 
a wheel worked from the outside, when 


CO, is immediately generated. The mix 
ture is agitated by means of paddles which 
are rotated by a handle placed in a bearing 
at the end of the cylinder. A pressure of 
150 lb. is very quickly obtained, which 
suffices to throw a in. jet of saturated 
solution of CO, in water a height of 40 ft. 
This mixture is very highly effective in 
suppressing an outbreak of fire. At atmos- 
pheric pressure, it gives off large quantities 
of CO, which displaces the air, and of 
course will not support combustion. One 
charge of the cylinder can be emptied in 
the space of four minutes. 

The hose is arranged with a by-pass and 
valves, so that water from the street 
hydrant can be passed through it while the 
cylinder is being recharged with chemi- 
cals. 

It is proposed in future vehicles of this 
type to duplicate the chemical cylinders, 
and in place of one big one to use two of 35 
gallons capacity, so that one can be re- 
charged while the other is working. 

The vehicle itself has been constructed 
substantially to the 24 h.p. Wolseley 
standard type, with modifications to suit 
the particular requirements of the brigade. 
The frame, which has a wheel base of 
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g ft. 6 in., and a track of 4 ft. g in., is 
stoutly built of channel steel reinforced 
with stiff gusset plates and transverse 
members. 

The space on the frame available for the 
fixture of the various fire brigade appli- 
ances is 10 ft. long and 3 ft. 3 in. wide, this 
large space being obtained without employ- 
ing a very large wheel base, by the use of a 
horizontal motor, which lies completely 
below the frame. 

The wheels are of artillery pattern, those 
in the rear being 40 in. diameter, and the 
front pair 36 in. The former are fitted with 
heavy section solid rubber tyres, and the 
latter with heavy pneuinatics. 

The wheels are specially reinforced with 
wire spokes in accordance with the 
‘* Wolseley ” patent system of wheel build- 
ing, adopted by this company on their 
racing cars and other vehicles designed to 
withstand very severe side strains, such as 
colliding with a curb or taking corners at a 
high rate of speed. The spokes are tied 
from the inner side of the felloe to a rim 
turned on the outside of the hub. 

The motor is a standard 24 h.p. hori- 
zontal type, the four cylinders of which 
have a 4} in. bore by a 5 in. stroke. 

The carburettor is of the float feed spray 
type, having one jet for the four cylinders. 

The cooling is on the standard ‘* Wolse- 
ley’ system, the hot water being taken 
from the engine directly to a battery of 
radiators arranged in the place of the 
usual bonnet, these radiators being cooled 
by a current of air induced by a high speed 
fan driven from the motor. The water is 
afterwards drawn trom the radiators back 
into a tank, and from there to the engine. 

Four speeds forward and one reverse 
are provided, the forward gears giving 
speeds of 7, 11, 15 and 20 miles per hour 
respectively. 

‘the engine, which, on its trials at 
Leicester gave great satisfaction, is con- 
sidered to be the fastest in the world, being 
capable of attaining a speed of 30 miles per 
hour. 


° 


Concrete Bridge over 
the NecKar. 


In certain portions of the German Empire 
the practice of building the abutments of 
arch bridges as virtual prolongations of the 
arches themselves is of almost universal 
application. A very recent instance of the 
adoption of this method is that of a road 
bridge over the river Neckar, near Neckar- 
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CONCRETE BRIDGE 


hausen. This structure* consists of a 
single three-hinged concrete arch, shown 
in the accompanying sketch elevation. It 
has a span of 165 {t., which is large for the 
material employed, and a rise of 13} ft. 
There is a roadway, 14 ft. 6 in., and two 
narrow footpaths, carried upon arches sup- 
ported by small, rectangular, concrete 
pillars forming a system of open spandrils. 
At the crown the thickness of the main 
arch is 2°8 ft., towards the haunches 4 ft., 
and at the springings 3 ft. In cross sec- 
tion the width of the arch widens out from 
15°8 ft. at the centre of the span, to 18°5 ft. 
at the bearings. The springings are placed 
5°8 ft. below the level of flood water, and 
consequently at a small height above the 
ground, thus rendering the real abutments 
invisible in the sketch. As the substratum 
was composed of magnesian marl inter- 
mixed with clay, a greater proportional 
width was given to the abutments than 
thickness, so as to provide for any possible 
earth slips. 

At a depth of 2674 ft. to 28°8 ft. below 
the level of the springings were laid the 
foundations, with a thickness of 20 ft. to 
27 ft., and a width of 31°6 ft., or double 
that at the crown of the arch. If the span 
be taken at thislevel, which is the termina- 
tion of the prolongation of the arch, which 
abuts normally on the footings, it will be 
found to measure 205 ft. Upon these 
foundations are also built vertical retain- 
ing walls, answering in appearance to the 
ordinary bridge abutments, and flanked by 
the usual splayed wings, raked to suit the 
slope of the bank. The articulations, both 
at the crown of the arch and over the 
supports, consist of cast iron shoes, to the 
number of seven and nine respectively, 
bearing vpon intermediate steel pins, 4 in. 
in diameter and 20 in. in length. Cement 
concrete is exclusively used for the whole 
body of the work, including the faces of 
the arches, which are built in imitation of 
granite, relieved by artificial representa- 
tions of red sandstone. It has long been 
recognised that in dealing with structures 
of armoured as well as of unarmoured 


The Engineer, Dec. 30th, 1904 


6810 


OVER THE NECKAR. 


concrete, it is absolutely indispensable 
to study their appearance when they 
assume the rdle of public works. It is 
true that a very fair surface can be given to 
cement concrete without the necessity of 
employing any elaborate means or extra 
material Facing of this description an- 
swers well enough for ordinary walling, 
and some kinds of underground edifices, 
but not in the case of more pretentious 
designs. The composition of the concrete 
in the Neckar bridge varies according to 
the position it occupies. 

In the foundations the proportions of the 
different ingredients by volume are one of 
cement, three of sand, and six of gravel. 
For the pillars and small arches of the 
spandrils the proportions of ‘the cement 
and sand are the same as for the founda- 
tions, but the gravel is replaced by the 
same volume ot broken stone (ne of 
cement, two and a-half of sand, and five of 
broken stone are used in the main arch and 
roadway, and for the artificial stones the 
two latter ingredients are two and four in 
volume. The sand was obtained from the 
crushing of porphyry or limestone, as 
experiments have proved that, produced 
in this manner, it is superior to the 
natural article in the resistance it imparts 
to the concrete. It has been assumed, 
in accordance with the general rule, 
that it is unnecessary to make any allow- 
ance for stresses in the concrete of a 
tensile character. For those of com- 
pression 570 lb. per square inch is the 
limiting unit. The bridge itself was de- 
signed to carry a steam road roller weigh- 
ing 15 tons, and a uniform loading of 80 lb. 
per square foot on the footpaths. Con- 
tinental nations generally adopt a lower 
unit stress in this latter respect than our- 
selves. In the erection of the centring a 
camber of 8 in. was given toit, but the sub- 
sequent deflections showed the amount to 
be much in excess of that required. During 
the construction of the arch. which was 
accomplished in nine days, the maximum 
drop did not exceed 2#in., and the striking 
of the centres, a couple of months after the 
keying in, added but an additional } in. 
The total permanent deflection at the crown 
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amounted to 4% in., and the 
successive risings and fallings, 
due to the difference of tem- 
perature in summer and 
winter, revealed an amplitude 
of r4in. No permanent sag 
was developed by the testing 
operations. According to the 
Zeitschrift fiir Bauwesen, 1903, 
the total cost of the bridge 
was /3,520, or at the rate of 
£1 5s. per square foot. 


é 
A New Radial 
Drilling Machine. 


A new machine of this 
type, in which special atten- 
tion has been given to the 
stiffness of the arm to meet 
the more exacting require- 
ments of modern practice, has 
been designed and recently 
completed by Messrs. Wm. 
Asquith, Ltd., of Halifax, who 
claim to be specialists in this 
department of machine tool 
manufacture. 

The machine is illustrated 
in the accompanying §half- 
tone, by the aid of which the 
extra strong construction of the arm will be 
readily understood. We understand that 
tests made with the machine showed that 
the tendency of the arm to lift against very 
high pressures was practically nil, a point 
of great importance in drilling deep ver- 
tical holes. 

Several other new features have been 
embodied in the design, the most im- 
portant of which perhaps is the dis- 
position of the saddle. This has not been 
placed at the side, but arranged in such a 
manner as to secure a direct central thrust 
and to obviate all tendency to twist. There 
are eight spindle speeds, the changing of 
which are effected whilst the machine is 
running by means of a new speed gear box 
fixed on the main standard and made very 
strong to provide a suitable support for the 
belt pulley. Inaddition tothe gear box, there 
is provided on the spindle slide a double 
gear, thus rendering sixteen changes of 
speed possible, any one of which can be 
brought into operation while the machine is 
running. 

The positive feeds, which are eight in 
number, are arranged by moving a lever, 
and, on the requisite depth being attained, 
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NEW RADIAL DRILL. 


an automatic trip motion stops the action. 
A friction gear is fitted, which is thrown in 
and out of action by the motion of a cross 
handle. If anything goes wrong the 
friction slips and so saves the drill or 
gears. 

The spindle slide is fitted between the 
two walls of the arm, the lower part being 
adjusted to the planed under surface of the 
arm. The surfaces are large, with rect- 
angular corners, and the slide can be 
moved very readily. The spindle runs as 
usual in a large sleeve, and has steel rack 
and pinion for vertical adjustment; the 
thrust is taken on ball bearings. It has 
an improved balancing gear, the weight 
sliding upon two shafts upon the spindle 
slide, thus obviating any swinging. There 
is a reversing gear for tapping and studding, 
the reverse being at four times the forward 
speed. 

The arm has a vertical adjustment by 
power, and can be raised or lowered with- 
out stopping the machine, the lowering 
being accomplished at a much greater 
speed than the raising. 

With this machine, 1 in. holes have been 
drilled in cast iron at the rate of 12 in. per 
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Perspective Sketch of the ‘‘ Maine"’ as it will look after the space 


around it is enclosed by a Cofferdam and pumped out, 


minute, and 1}in. holes at 7 in. per minute, 
these tests being made with a temporary 
drive and without the machine being on 
proper foundations. The radius of the 
arm is 5 ft., and it will admit a height of 
5 ft. The spindle has a traverse of 15 in. 


é 


Cofferdam for Raising 
the U.S. Battleship 
* Maine.” 


Tue U.S. Battleship “‘ Maine” Salvage 
Co. has recently been incorporated in the 
District of Columbia for the purpose of 
entirely removing from the harbour of 
Havana the battleship which was de- 
stroyed on February 15th, 1898. The 
United States Government having relin- 
quished all claims to the battleship, it 
becomes the property of the Cuban 
Government, which has made earnest 
efforts to secure its removal, especially 
because it forms a serious obstruction to 
the navigation of the harbour. 

As nearly as can be obtained from care- 
ful examinations of the wreck made with 
the aid of competent divers, about one- 
third of the battleship at the bow has been 
seriously injured, the other two-thirds re- 
maining comparatively uninjured. 

It is believed that the steel and iron have 
not been materially corroded by the action 
of the water owing to the protection afforded 
by a thin marine growth upon all surfaces. 
The actual work in Havana harbour will 
be begun very soon. 

On account of the many difficulties in 
constructing a cofferdam by any of the 
customary methods, plans for a_ special 


construction peculiarly adapted 
to the requirements of the 
case have been prepared by 
the consulting engineers, a full 
description of which is given 
in the Engineering News, New 
York, in Dec. 8th, 1904. 

The cofferdam will be truly 
circular in form, with an inside 
diameter of 354 ft. in the clear, 
thus providing a clearance of 
15 ft. at each end of the battle- 
ship. The cofferdam will con- 
sist of two concentric timber 
walls spaced 8 ft. apart in the 
clear, each wall being composed 
of 3-in. planks dressed to a 
uniform thickness, laid flat and 
thoroughly spiked together. The walls are 
to be tied together at intervals of between 
nine and ten feet by solid radial partitions 
also composed of 3-in. planks dressed 
to a uniform thickness, laid flat and 
thoroughly spiked. All partition planks 
contained in every third horizontal layer 
are to extend through both circular walls, 
to which walls they are to be spiked; all 
other partition planks are to be cut true to 
a uniform tight fit against both walls. 

The principal stresses in the walls are 
circumferential, producing compression 
upon the wall planks in the direction of 
the grain. The external pressure will be 
distributed between the two walls by the 
partitions. In order that the external 
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pressure may be uistributed as evenly as 
possible upon the two walls with a mini- 
mum stress in the partition planks, the 
upper part of the inner wall will be pierced 
with holes and the lower part will be made 
tight so that when the cofferdam is pumped 
out the water will stand between the two 
walls at a point about 15 ft. below the 
surface of the water in the harbour. 

In order to transmit the circumferential 
stresses between the adjoining planks in 
the same horizontal layer, and at the same 
time secure tight joints against leakage, all 
such joints are to be cut true with a saw 
and Jaid tight for the full section of the 
plank. The joints in each third layer 
between the ends of the wall planks and 
the sides of the partition planks are also to 
be cut true and laid tight. In order that 
all horizontal joints may be tight, all 
planks used are to be dressed to uniform 
thickness; the edges will not be dressed. 
As an additional precaution against leak- 
age between the faces of the wall planks, a 
small amount of heated coal tar pitch 
riixed with oil in such proportions as to 
render it firm but plastic when cold, will 
be poured along the centre of each plank 
in place immediately before the following 
plank is laid and spiked thereto. 

The flow of the water beneath the edge 
of the dam will be stopped by sinking bags 
filled with sand and clay round the outside, 
using @ water jet if necessary. Interior 
puddle . ill not be used in this instance. 

Shoulu the borings on the site of the crib 
disclose considerable irregularities, Wake- 
field sheet piling of 2 in. plank in three 
thicknesses will be driven at these points 
to prevent the ingress of water, or the walls 
of the crib will be built to fit the irregu- 
larities. 

In order to stiffen the dam against any 
variations in pressure that may simultane- 
ously exist at any given elevation between 
different points in the circumference and in 
order to give greater resistance to shocks 
caused by floating bodies or the impact of 
dredges or supply boats, etc., eight systems 
of horizontal truss work are provided, each 
one of which extends entirely round the 
circle. The compression members ot this 
truss work are formed by the radial par- 
titions. The diagonal members of the upper 
systems consist of 3 by 8 in. planks inter- 
locking with the partitions ; whereas, the 
diagonals of the lower systems which will 
have to sink through the soft material over- 
lying the hard stratutn will consist of 4-in. 
iron rods so as to form no obstruction to 
the sinking of the dam. 


The cofferdam is to be sunk with ballast 
consisting ot rails or similar material rest- 
ing upon the top of the walls, or of any 
suitable material which can be more readily 
obtained and carried upon timber floors 
resting upon the top of the dam. 

It is expected that the cofferdam will 
have to be pumped out to a depth of 30 ft. 
or more. The walls will, under the external 
pressure, act as an arch subjected to uni- 
form loads. Straight planks will, of course, 
be used. They will, however, be system- 
atically overlapped and thoroughly spiked 
together in such a way as to entirely 
eliminate the bending stresses which would 
exist if the dam were built in a polygonal 
form. The principal stress is, therefore, 
that of compression in the direction of the 
grain. The weight of 1 cub. ft of sea water 
being taken at 64°3 lb., the maximun 
external pressure at that part of the dam 
when subjected to a head of 30 ft. is 
1,929 lb. per sq. ft. 

To prevent injury by the limnoria and 
teredo, the upver part of the cofferdam 
from just below mud line to surface of 
water will be well protected before sinking 
with ‘‘carbolineum avenarius,’’ or some 
other equally effective coating. 

In reference to the design of this coffer- 
dam it is interesting to note that a similar 
construction was used in the building of 
the pivot pier of the Charlestown, Mass., 
bridge, as shown by plate 41 of the Fourth 
Annual Report of the Boston Transit Com- 
mission. In the latter case a single wall 
was used and the diameter was 75 ft. The 
construction was very satistactory and no 
difficulties were experienced in sinking or 


building it. 
rc} 


The Design and 
Construction of American 
Planing Machines.” 


BETWEEN this country and America 
there is a difference of conditions, which 
manifests itself all through the design and 
construction of a machine. America is a 
huge developing country with a large, ever- 
increasing and sure market for her goods; 
hence people are readier to specialise in 
one article than they are here. Lisewise 
there is a greater demand for labour, and it 
commands a very high price. Therefore 
every effort is made to minimise labour. 
To effect this, in the case of machine tools 


* A. Kenrick, Procs. Inst., Mech. Engrs., Jan , 1904. 
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FIG. I. FIG. 2. 


SECTION OF CROSS-SLIDE SPEED-CHANGING DEVICE. 


CARRYIN TOOL BOX SADDLE. 


they must be made as far as possible auto- 
matically, which results in the manufacture 
of standard patterns. Further, the tool in 
its turn when in use must take a minimum 
of human time in manipulation, and must 
not produce bad work, which wastes labour 
to rectify. Minimum of attention seems to 
come before maximum of output, as is seen 
when one casually glances at half-a-dozen 
automatic lathes under one _ operative. 
The lathes are working well within their 
power, evidently because they cannot be 
closely watched and nursed; whereas full 
value is got out of the man. Thus there 
are many instances of American firms 
specialising in one tool and adhering to 
standard patterns even in this. Great 
excellence of quality and refinement of 
detail is the result. But this state of things 
would no doubt tend to the ossification of 
ideas, if not more than counterbalanced by 
the spirit of enterprise bred in a great 
developing nation and enhanced by the 
exhilarating effect of their climate. 

Several works where planing machines 
are made were visited by the author, and 
machines were seen in operation in many 
places. A Cincinnati firm aflorded the 
best example of a factory where nothing 
but planers, and these of the most ordinary 
and useful sizes, were made. The machines 
were made of distinctly thin metal through- 
out; and the outside appearance was 
everything that could be desired. In one 
works, to economise shop room, only the 
cross-slides, boxes, gearing, feed motion 
and other light parts were made to stock. 
The heavier parts were cast and quickly 
got up when an order was received. 

Beds mostly have the usual V’s, planed 
considerably more acute than go deg., and 
are generally lubricated with rollers. The 
V has the advantage of acquiring no setting- 
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up slips; while flat ways are easier to 
lubricate, to get true on foundations and to 
keep true afterwards; all especially useful 
for long machines. Flat ways also are 
better for heavier work. In the larger 
sizes many new machines were made with 
a guiding V on one side and a flat on the 
other. 

Tables are furnished with longitudinal 
T-grooves and dog-holes at intervals. The 
Cincinnati firm find it better to drill these 
holes to jig instead of casting the usual 
square holes. This saves trouble with core 
prints, and gives the table a better surface 
to machine. 

The cross-slides have a_ rectangular 
guide to the top with some sort of slip, 
and a V _ guide near the bottom, Fig r. 
American machines do not plane on the 
return stroke, and this arrangement forms 
a first-class support for the cutting stroke. 

The drive is done in many different ways. 
The most usual oneis by rack and pinion and 
spur gearing throughout up to the pulleys. 
At Cincinnati the pinion was of an un- 
usually large diameter, having about thirty 
teeth. This was done to give a steady 
motion to the table. The pinion was, of 
course, well keyed to a stout short shaft. 

At the end of the stroke, the table 
knockers, transmitting motion through 
levers and links, strike the belts. There 
are two of these, one for cutting and one 
for running back. Narrow single belts at 
very high velocities are used, to offer the 
least possible resistance to striking. The 
width of belt for a 3 ft. wide machine is 
about 1} in. For larger machines, spiral 
pinion and rack to drive the table is used 
extensively. The angle between the spiral 
shaft and the rack is not 45 deg. but con- 
siderably more acute, say 40 deg. or less. 
At Cincinnati the shaft bearing and pinion 
oil-bath are made in a casting separate 
from the bed, for convenience of manufac- 
ture. Thereby they avoided having to bore 
the bed on the skew. The rack-teeth were 
milled, and the spiral was milled in the 
lathe. Both were made of cast iron. The 
pulley shaft geared up to the spiral pinion 
shaft with bevel wheels. 

The pulley-shaft and countershaft were 
made exceedingly heavy and of best tool 
steel, so as to run very steadily, to bear 
evenly in the long cast-iron bearings (which 
were not made to swivel), and to wear for 
a very long time. Pulleys keyed on to such 
shafts would never come loose with the 
roughest wear. The countershaft was run 
in cast-iron long bushes, which were held 
in position in their hangers by running in 
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babbitt in the annular space between the 
bush and the hanger. This was done when 
everything was in alignment. 

Some firms employ friction clutches in 
the drive instead ot belt striking gear, 
especially for the larger machines. ‘These 
are easier to throw than belts, and they 
give rise to less variation in the length of 
stroke. Still better results in this direction 
were obtained by a new device seen on an 
8-ft. square machine, where at the points 
of reversal a cock opens admitting com- 
pressed air, which blows the clutch across 
from one gear to the other. 

All spur gear was milled and all bevel 
gear planed, and every pair of wheels was 
run at the correct centres and anglein a 
special machine before assembling. By 
these precautions, very smooth running 
was obtained. This was well shown bya 
glass of water placed on a moving table, 
in which no ripple was visivle except at 
reversal. 

Jigs were used for almost everything. 
The table and the bed V's are each planed 
to jigs, and the result is so good that all 
that is necessary to finish is to scrape off 
the mark of the tool. This does not 
apply to the cross-slide, which has to be 
got up more carefully. The bolt-holes to 
attach the arms to the bed and cross-head 
were drilled to templet, and the parts 
came together without a hitch. They stop 
only at drilling steady-pin holes to jig. 
The following is a remarkable example of 
the precision of their work: 

The pulley-shaft had to fit its bearings 
and sever one fast-and-loose pulleys with- 
out any letting up afterwards. On _ its 
running surfaces two spiral oil grooves 
were put in the lathe. There spirals were 
of opposite hands, and intersected at a 
certain point. An oil-hole was drilled in 
the bearings, and when the haft was 
inserted the oil-hole always came opposite 
the desired point, which was the inter- 
section of the two oil-grooves 

Friction-clutch machines are motor- 
driven very conveniently without a counter- 
shaft. Two other forms ot drive were seen 
at Cleveland in which electricity played a 
prominent part in reversing. In one, an 
electro-magnetic clutch was pulled alter- 
nately to the direct and to the reverse gear. 
In the other, the knockers threw a switch 
which reversed the field magnetism and so 
the rotation of the motor, and also gave it 
a quick return speed. This seems to be 
the most direct way of all. 
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A very high rate of speed is obtained on 
the quick run-back stroke, being about 
four or five times the cutting speed. But 
the cutting speed is nothing extraordinary, 
and the quick cutting steels do not seem to 
have asserted themselves yet. When they 
do, they will raise the speed of the cutting 
stroke, but not that of the return, which 
is probably already as high as is feasible. 
The next step may be to run the machina 
at a constant high speed both strokes, and 
cut with double-cutting tool-holders. At 
present they do not seem to press the out- 
put of machines to their utmost limit, but, 
as in the case of the automatic lathes 
mentioned above, so with all but the largest 
planing machines, they prefer to have 
many, taking little attention, under one 
man. Nor are broad feeds supplied for 
quick finishing cuts. The simple pawl 
feed from a jumping rack at the side of 
the arm was used everywhere, and the 
momentum of the moving parts at reversal 
supplied the power to move the jumping 
rod. In several works where they wished 
to increase the output of existing machines, 
planers were run from a Reeve’s variable 
speed countershaft, which gave great 
satisfaction. Where a few machines have 
todo a large variety of work differing in 
hardness and class, it is clearly an advan- 
tage to be able to vary the cutting speed. 
On hard stuff or in a cramped position 
it is desirable to run much slower than usual. 

Another new speed-changing device was 
shown at the World’s Fair. This was 
based on the familiar apparatus consisting 
of two cast-iron taper cones geared to- 
gether by a belt with forks to locate the 
belt and keep it from climbing. For the 
forks were substituted two guide-pulleys 
as shown in Fig. 2. This arrangement 
allows a good length of belt, and obviates 
the continual friction on the forks. The 
belt was a link belt (though it might have 
been a common belt), and was kept tight 
by spring acting on the guide pulleys. It 
worked well and had great driving power. 
A two-speed countershaft or a pair of 
stepped cones would no doubt serve nearly 
as well for this purpose. 

The cross-slide is commonly raised by a 
chain and wheel at the end ot a horizontal 
shaft in the crosshead. In the larger 
machines a pulley is placed on the shaft, 
and in motor-driven machines a separate 
motor is used. In some very large 
machines motors were used for moving all 
the boxes as well. 
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Timber: Its Strength and 
How to Test it. 


A very large number of experimental 
observations on the strength and other 
properties of timber are to be found in the 
older text-books and in the proceedings of 
various technical societies, etc., many of 
which are unreliable. This unreliability is 
due mainly to the fact that in the older 
experiments no attempt was made to deter- 
mine the moisture present in the timber at 
the time the test was carried out, and in a 
very few cases were any data given as to 
the previous history of the timber. Again, 
most of the old experimenters used very 
small, picked specimens, and the results 
they obtained were therefore not really 
representative of the average quality of the 
particular kind of timber which was being 
tested. Ordinary well-seasoned timber in 
a dry building has a dryness of about 10 to 
12 per cent. Bauschinger has shown in 
his researches that there is a definite 
numerical law connecting the mechanical 
strength and the percentage of moisture 
present in any sample of timber. 

The mechanical tests usually made upon 
timber are tensile, compression, cross 
bending, and shearing. ‘The author* has 
made a number of tension tests on different 
kinds of wood, in order to show how 
difficult it is to secure uniform results in 
tension experiments. In both the American 
and in the German researches it was 
eventually decided to abandon tensile 
tests, because of the difficulty of securing 
uniform results, and on account of the fact 
that owing to the high tensile strength of 
timber as compared with its shear strength 
it was considered that it would be unlikely 
for timber to give way by tension in any 
structure. Compression tests are much 
more readily carried out, and when the 
point which it is desired to elucidate is the 
average quality of the sample of timber, 
then compression tests are undoubtedly 
the best. The specimens must not be too 
long as compared with their cross-sectional 
dimensions, if the pure compressive 
strength is to be obtained. Short timber 
struts very rarely give way by direct com- 
pression ; they usually give way by shear 
stress. In the case of long timber struts, 
their strength is influenced by the ratio 
of the length to the cross-sectional dimen- 
sions, exactly as in the case of steel and 
iron columns. Cross-bending tests are a 
very favourite form of test, because practi- 


Professor T. Hudson Beare, Proceedings Dundee 
Institute of Engineers. 





cally no complicated machine is required 
for carrying out the test, and large 
specimens can be used without the loads 
becoming excessive if a fairly large span is 
adopted. Large timber beams frequently 
give way, not by cross-breaking, but by 
shearing along near the neutral plane, and 
the great weakness of timber to resist 
such shear stress is a matter of extreme 
importance, and would be carefully con- 
sidered when designing timber structures 
All recent experiments on the mechanical 
properties of timber show that the strength 
of timber is considerably affected by the 
ratio of the summer, or solid growth, to 
the spring, or open growth, in each annual 
ring, or in other words, that the density or 
specific gravity is a very important factor. 





7 Method of 
= ws, “rac re. 
5s Fracture 
Tons Tons 
per per 
Sq.in. Sq.in. sq. in. sq. in 

Ash .-. 0°764 | 13°52 6°62 0°37 Sheared at head. 

Beech .. 0°603 11°92 6°93 0°35 Began to shear 
at head, then 
broke in ten- 
tion. 

Birch ..- 804 | 12°80 5°36 «0°34 Cracked first, 
then broke in 
tension. 

Hickory ... 0 762 | 13°04 6°30 0°37 Sheared at head 

Mahogany 0°798 | 13°37 4°19 025 Ditto. 

Oak... ... 0°781 | 13°56! 2°95 0°17 Broke in tension. 





Round specimen of section with the ends 
so proportioned that the shear area was 
about 13} sq. in., and with the bar turned 
down in the paralled part so as to give a 
tensile area of about } sq. in. 
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Kind of ae Method of 
Wood. eoy Fracture. 
= he 
oT - ~ 
Tons} Tons 
per | per 
Sq.in.|Sq in. sq. in.}sq. in. 
Ash .--| 1°791 | 8°78 2°22 | 0°45 | Sheared at head. 
Beech --.| 1°779 | 8°51 2°37 | 0°50 - 9 
Birch ...| 1°803 | 9°99 | 2°39 | 0°43 
Hickory 1742 | 9°03 2°06 | O40 oid a 
Mahogany | 1°737/| 8°74 0°76 | o'15 | sheared andthen 
broke in tension 
inside head. 
Oak... .. | 1°812 | 8°68 1°92 | o'40 | Sheared at head. 


Round specimens of section with the ends 
so proportioned that the shear area was 
about g sq. in, and with the bar turaed 
down in the parallel part so as to give a 
tensile area of about 1} sq. in. 
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COMBINED FORCED 


Kind of 


Wood. Method of Fracture. 





Tons 
per 
sq in. 
4°08 Clean fracture in tension. 
311 Clean fracture in tension. 
10°14 Clean fracture in tension. 
7°54 Longitudinal shear. 
5°79 Clean fracture in tension. 
497 Clean fracture in tension 





of section test bar designed 
area of about j sq. in 


Flat specimen 
to give a tensile 








Dimensions of Specimen 


stain 
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° , Total i ~a 
Kind of ined ROO 
Bag & 
Wood. z Applied.| €,&< 
o oO 
‘s) OP. 
t ” ” 
Yellow Sq. in In Tons. Tons. 
pine 4°42 3°3 35 0°79 
Ash 3°42 2°2 70 2°04 
Penetration test to show weakness of 


compressive strength across the grain. 
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INDUCED 


DRAUGHT. 











Dimensions of Specimen 2 
ny 
Kind of E pew @ 
Wood. Cross Length 4 Sie 1 a 
Sectional | of — E 
Area. IS pecimer oO 
| 
} . 
Sq. i | In. Tons. 
Beech ...|2°3 x 2°3 29} 12 II"4 2°16 
Yellow | 
pine...|2°4 * = & 13°3 2°31 


Compressive tests of struts about 12 in. 
long, and about 23 in. wide. 
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Combined Forced and 
Induced Draught. 


THE accompanying illustration 1s that of 
an arrangement of a Koker stoker with all 
the usual forced draught features, with the 
addition that induced draught is also 
called upon to assist in carrying away the 
combustion gases. In the range so fitted, 
the chimney was originally built for a very 
small steam plant, but, owing to extensive 
additions to the boiler ‘and the works, and 
to restricted available land, the chimney 
became inadequate, and the main fuel 
arrangement became very unsatisfactory 
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FIG I. INTEREFOROUGH RAPID TRANSIT CO CROSS-SECTION OF POWER HOUSE 


also. An attempt was made to run the 
boilers with induced draught only, but this 
was found unsatisfactory. and the plant is 
now running with mechanical stokers plus 
forced draught. the fan being solely to 
create a sufficient vacuum to draw off the 
combustion gases The forcing action only 
occurs in the passage of the air supply 
through the fuel, and it is found more 
economical for this work to be done by 
the blowers, although the fan could be 
speeded up above its present rate of work. 


+ 


Engines at the Inter- 
borough Rapid Transit 


Power Station. 


Tue author of this paper* took the 
opportunity of visiting two of the large 
power-stations in New York, namely, The 
Manhattan Division Power-House, in 74th 
Street, and the Interborough Rapid Transit 
Power- House, Fig. 1, situated between 58th 
and s5g9th Streets. . 

30th stations are equipped with the 
Manhattan type of combined twin vertical 
and horizontal compound engine, Fig. 2, 
with a rated power of 7,500 i.h.p, but 
capable of developing 50 per cent. over- 
load when required. 

The guarantees under which the main 
engines for the Rapid Transit Co. are being 
furnished, and which will govern their 
acceptance by the purchaser, are in sub- 
stance as follows: The engine will be 


* Mr. Alfred Saxon, Procs, Inst. Mech. Engrs., Jan., 1904. 














capable of operating 
continuously when 
indicating 11,000 h.p. 
at a steam pressure 
of 175 lb. at throttle, 
and a speed of 75 
revs. per min., and a 
26-in. vacuum ; it will 
be capable of oper- 
ating with an atmo- 
spheric exhaust with 
2 lb. back pressure 
at the low-pressure 
cylinders; it will be 
proportioned so that. 
when occasion shall 
require, it can be 
operated with a steam 
pressure at the 
throttles of 200 Ib. 
above atmospheric 
pressure, under the 
mentioned conditions of the speed and 
vacuum, or as to speed when exhausting 
in the atmosphere. The engine will 
operate successfully with a _ steam 
pressure at thé throttle of 175 lb. above 
atmosphere, should the temperature 
of the steam be maintained at the throttle 
at from 450 to 500 deg. F. It will not 
require more than 12} lb. of dry steam per 
1 h.p. per hour when indicating 7,500 h.p. 
at 75 revs. per min. with the vacuum of 
26 in. at the low pressure cylinders, with a 
steam pressure at the throttle of 175 lb., 
and with saturated steam at the normal 
temperature due to its pressure. The 
guarantee includes all of the steam used by 
the engine or by the jackets or reheater. 

The weight of the revolving field is about 
35,000 lb., which gives a fly-wheel effect 
ot about 350,000 lb. ata radius of gyration 
of 11 ft., and with this tiy-wheel inertia the 
engine is designed so that at any point on 
the revolving element shall not,in operation, 
lag behind nor forge ahead of the position 
that it would have if the speed were abso- 
lutely uniform, by an amount greater than 
one eighth of a natural degree. 

In regard to the chances of increased 
wear in the bearings due to the all-round 
character of the pressure on the crank-pin, 
the author does not consider that there 
are chances of increased wear, owing to 
the fact that there are two- separate 
connecting rods connected to the one 
pin, one being connected to the horizontal 
and the other to the vertical cylinder; 
and while the pressure on the pin is 
fairly constant, due to the four separate 
steaming impulses from the two cylinders in 
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one revolution, still the pressure on each rod 
is variable, allowing the lubricant the same 
opportunity of keeping the pin cool and 
preventing wear, as in the case of any other 
double-acting type of engine. Provision in 
this case has, however, been made for 
dealing with wear, by the adoption of 
adjustable straps for the crank-pin end of 
connecting rods instead of the marine style 
of construction. 

The power-house of the Interborough 
Rapid Transit Co. is designed for a plant 
of a capacity of more than 130,000 h.p., 
and will, when completed, be the largest 
power plant of the kind in the world. The 
plant is divided into six sections; five of 
these sections will be completed imme- 
diately, and will include a turbine section. 
The equipment of each comprises two main 
engines with barometric condenser sets, 
two circulating water-pumps, two boiler 
feed-pumps, and one stack, and pro- 
vision is made for the installation of 
economisers. The turbine section is 
designed to accommodate four 1,250 bilo- 
watt steam turbines and one large steam- 
engine unit similar to the units in the other 
sections. The boilers are of the Babcock 
and Wilcox type, having 6,000 sq. ft. of 
heating surface each, and are built to carry 
a wor-ing pressure of from 175 lb. to 
200 Ib. The majority of the boilers are 
stoked by hand, but in some cases mechani- 
cal stokers have been installed. Also some 
of the boilers are equipped with super- 
heaters, the superheated steam being in- 
tended to be used largely for the turbine 
section. 

These stations are constructed on an 
impressive scale, and gave a far better idea 
than the St. Louis Exhibition of the ability 
and resources of American Engineering to 
deal with the great power problems with 
which they are contronted, especially in 
such a city as New York. Without ex- 
pressing any opinion as to the suitability 
and merits of the steam turbine versus the 
steam engine for power station work, the 
author is of opinion that the evolution in 
the de:elopment of the steam engine for 
this purpose has resulted in the introduc- 
tion of a class ot engine which is a com- 
promise between the two well-known types, 
namely, the combined horizontal and 
vertical compound engine hnown as the 
Manhattan type, because of its being first 
introduced in the Manhattan power station. 
This is a type which meets with his entire 
approval, tor space occupied, for evenness 
ot turning eflort, for accessibility for over- 
hauling and repairs, for the placing of the 
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cylinders to prevent undue wear; these 
and other advantages combined make this 
type unequalled for this special purpose. 
The application of the barometric type of 
condensers at the stations visited, and at 
the Exhibition, was a proof that this con- 
denser is giving excellent results. 


6 


Wind Pressure Involved 
in the Wreck of a 
High Bridge.* 

In view of the fact that the wreck of a 
well-braced iron or steel structure by wind 
is exceedingly rare, if, indeed, there is any 
previous record of such, the destruction of 
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FIG. 2. 
INTERBOROUGH RAPID TRANSIT CO. 7,500 1.H.P. COM- 
BINED TWIN VERTICAL AND HORIZONTAL 
COMPOUND ENGINE. 


* C. A. P. Turner, Procs. American Society of [Civil 
Engineers, Dec , 1904. 
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part of the so-called High Bridge over the 
Mississippi river at Smith Avenue, St. 
Paul, Minn., is of special interest to the 
professional bridge engineer. This struc- 
ture was designed supposedly to meet, with 
a reasonable factor of safety, the maximum 
wind loads required by a standard specifi- 
cation ; and the utter destruction of a por- 
tion of it by wind pressure alone, in view of 
this supposed margin of safety, would lead 
to the presumption that the standard 
requirements do not produce a safe struc- 
ture, unless it can be shown by reasonable 
computation that there was some weak 
joint or detail in the frame which would 
insure its destruction under the action of 
forces not materially greater than those 
which, nominally, it was destined to with- 
stand. 

The bridge, which was built in 1887, is a 
deck structure of wrought iron, 2,770 ft. 
long, and runs north-west and south-east. 
The north-west portion of the bridge is of 
the viaduct type, with riveted spans of 
8o ft. and plate-girder tower spans of 4o ft. 
Four-leg towers alternate with two-leg 
bents. The portion of the viaduct over the 
river consists of four 250-ft. pin-connected 
deck spans of the sub-divided Warren type, 
30 ft. deep and 22 ft. from centre to centre 
of trusses. The floor beams are at 12 ft. 
6in. centres. The tower supporting the 
shore end of the south-east 250-ft. span 
has a base of 55 ft. transversely, and of 50 ft. 
longitudinally, and a height of 129 ft. from 
the top of the pier to the bottom chord of 
the truss. As the trusses were 30 ft. deep, 
the roadway at this point was 160 ft. above 
the pier and aboat 180 ft. above the water. 
From this tower toward the bluff there was 
one 170-ft. pin span and two 60-ft. plate- 
girder spans. These girder spans, the 
150-ft. pin span, the supporting tower, and 
the 250-ft. pin span were overthrown. 

The bridge carries a 25-ft. roadway and 
two 8-ft. walks. The flooring for the road- 
way consist of the sub-floor of 3%-in. fir 
plank and a wearing floor 14 in. thick. The 
plank for the walks is 2%-in. pine. The 
stringers are of steel, the roadway of nine 
lines of 12-in. built stringers; the flanges 
are each two L’s, 2 by 2 by ¥,-in., with ,-in. 
webs. The stringers for the walks are 
6-in. I's. 

The trusses were designed for a live load 
of 80 lb. for the roadway and for the walks 
of the 250-ft. spans, go lb. for the 170-ft. 
span and 100 lbs. per sq. ft. for all shorter 
spans. The lateral bracing was designed 
for a pressure of 450 lb. per lin. ft. of bridge, 
two-thirds of which was assumed to act on 


the loaded (upper) chord. The towers and 
bents were assumed to have a wind pressure 
of 150 Ib. per lin. ft. acting against them. 

In addition to the top and bottom lateral 
systems, a fairly efficient system of sway 
rods was provided in the 250-ft. span, and 
all the details of the lateral and sway 
bracing seem to have been well worked out 
for the type of bracing used. 

The 250-ft. span fell on its side, except at 
the end torn from its support on the two- 
leg bent (still standing), and this end was 
given a quarter twist in addition and fell or 
was blown a considerable distance from the 
tower. The plate-girder spans were pulled 
down the bank, and lay but little out of the 
line of the viaduct. The tower frame which 
was overthrown was badly twisted, and the 
position in which the columns fell, together 
with the manner in which the bolts were 
bent and broken, would seem to indicate 
that the end of the 250-ft. span resting on 
the two-leg bent was first pushed off its 
support, and that the wind, acting on the 
loose span with its 10,000 or 11,000 sq. ft. of 
exposed area (the planking was well fas- 
tened) and an extreme leverage of 250 ft., 
twisted from its base the tower bent sup- 
porting the other end, and the falling mass, 
in its descent, pulled the girder spans down 
the hill. 

If the collapse occurred as outlined, a 
few figures on the twisting moment on the 
top of the tower may be interesting. Sup- 
posing the floor to be at such an angle to 
the wind that the effective pressure is, say, 
10 lb. per sq. ft., then the twisting moment 
= 10 X 10,000 X 125 ft. 12,500,000 ft. lb., 
an amount far in excess of the ultimate 
resistance of the tower. 

The next point which would seem to 
invite attention is the detail of the connec- 
tion of the end of the wrecked 250-ft. span 
to the two-leg bent, and the strength, or 
resistance of this connection to uplift and 
to lateral sliding of the shoe. There was a 
two-leg bent, similar to the one that sup- 
ported the end of the wrecked span, nearer 
the other shore, and, as this seat was easily 
accessible by a trap in the floor, a suspended 
platform and an iron ladder leading down 
to the shoe, it was examined first. The end 
of the 250-ft. span corresponding to that 
which was wrecked was found to rest ona 
nest of eight rollers, each about 2] in. in 
diameter with the usual spacing bars on 
the sides. The only resistance to the 
lateral motion of the rollers was a_ bar 
riveted to the cap on each side and a 
recess in the shoe above, about 4 or 


§ in. deep, as nearly as could be readily 
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determined. Provision was made for a 
14-in. guard bolt on each side of the shoe,a 
hole was provided in the column cap and a 
long slot in the side of the shoe. No bolts, 
however, were in place. 

The column cap from which the 250-ft. 
span slid off on the leeward side of the 
bridge was also examined. But one roller 
was left on the windward cap, while seven 
of the eight remained on the leeward cap. 
Careful examination showed that this span 
was anchored down somewhat better than 
the one referred to above, and instead of 
having no bolts at all, there was one on the 
outside of the windward shoe which was 
splintered and broken in place. The ap- 
pearance of the other three holes was 
positive evidence that there were no bolts 
in any of them. 

There is, then, the resistance of this end 
of the span, reduced to the dead weight, 
and the value of this bolt. If the wind 
tended to raise the windward truss, as it is 
pin-connected with the eye-bar bottom 
chord and diagonals, the truss would fur- 
nish little resistance to upward forces, and 
the bolt at the end, being a cantilever from 
34 to 4 in. from the centre of the shoe plate 
to the centre of the bearing of the cap, 
would not develop its shear value, but only 
its bending value, an insignificant amount 
of 3,000 OF 4,000 lb. or less. An uplift on 
the windward side would be accompanied 
by a reversal of stress in the bottom chord, 
the probable buckling of the chord, and, 
with the slight resistance of the bolt, 
the shoe would be’ pulled from the cap and 
the rollers displaced, and this was what 
actually happened. 

A rough approximate estimate of the 
weight of the span and floor would be in 
the neighbourhood of 2,200 |b. per lin. ft., 
giving a reaction of, roughly, 140,000 lb. at 
each support. As the storm was a severe 
one, it will be assumed, for purposes of 
computation, that the very severe wind 
pressure of 30 lb. per sq. ft. was acting at 
an upward angle to the floor of 30 deg., and 
the pressure will be calculated with Unwin’s 
table. 

Let a Angle of surface with direction 

of wind ; 

F = Force of wind, in pounds per 
square foot (assumed at 30 lb. 
per sq. ft.) ; 

A Pressure normal to surface F 
sin, ql'84cos-@—1- 

C = Pressure parallel to direction of 
wind = F sin. a". ¢, 
For a = 30 deg., A = 0°66 and C = 0°33. 
The direct uplift at each shoe = 20°5 x 
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125 X 0°66 X 30 lb. = 50,100 lb. from the 
wind on the floor. 

The overturning force, C, at each end*of 
the bridge 0°33 X jo lb. X 41 X 125 = 
51,200 lb. from the wind on the floor. i 

The uplift from C on the windward shoe = 
51,200 X 30 


: 70,000 |b. 


; 

The direct pressure on the side of the 

truss top chord, approximately, = 30 * 7 

210 lb. per lin. ft., and a RE 
22 

36,000 |b. the uplift from the same. 

As the wind has been assumed to be 
blowing upward, this component on the 
vertical area would give an additional uplift 
of some 6,000 Ib. 

Now, the sum of these computed uplifts 
is 162,100 lb., or about 15 per cent. greater 
than the reaction due to weight. Evidently, 
if the windward shoe is raised, there being 
no bolts to hold down the leeward shoe, it 
would turn sufficiently for the recess in the 
shoe to clear the corner of the rolls and then 
slide off the cap. Allowing some slight re- 
sistance for the expansion connection of 
the stringers to the beam, it would seem safe 
to conclude that the wind pressure assumed 
is 10 per cent. greater than would have 
been necessary to cause the wreck. Rough 
computations on the laterals, taking into 
consideration the sway rods and the action 
of the four planes of bracing, would indicate 
that they were not strained much beyond 
23,000 to 25,000 lb. under the assumed 
forces. 

Bearing in mind the fact that the floor is 
on a steep up grade, it may well be that the 
angle of action of the wind on the floor was 
greater than has been assumed, and, if so, 
the necessary pressure to cause the wreck 
might be considerably less than the 27 lb. 
per sq. ft. calculated. Again, the proba- 
bility is that the assumption of a uniform 
pressure is materially in error. Judging 
somewhat by the contour of the bluff and 
the path of the storm, it would seem likely 
that the maximum pressure was in the 
vicinity of the north-west end of the wrecked 
250-ft. span, and that the adjoining span 
was saved by its rigid connection to the 
two-leg rocker bent. If the pressure were 
greater at the end, it is evident that the 
average pressure necessary to cause the 
wreck would be materially less. 

Such moderate pressures as have been 
figured on, when their cumulative effect is 
concentrated upon a weak detail, may evi- 
dently produce results that cause astonish- 
ment, and the rash assumption, by those 
whose training should lend better judgmen,, 
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that the pressures involved are “ exceedingly 
great.” 

Evidently, whether dealing with bridges 
or roofs, stiff riveted construction, with 
bottom chords and diagonals capable of 
taking reverse stresses is to be preferred, 
ind, in view of the fact that, by the exercise 
of reasonable skill in design, thev can be 
fabricated for a sufficiently smaller cost 
than the pin type to offset the additional 
expense of riveting in the field, they should 
be preferred for all moderate spans, such 
as 250 ft. or less, unless the work is excep- 
tionally heavy. 

In the provision for temperature stress, 
the expensive and frequently weak details 

ften worked out to avoid a harmless little 
umount of temperature strain, in an effort 
to eliminate it entirely, are indeed sur- 
prising; perfect double-action toggle con- 
nections are too often introduced at the 
shortest possible intervals, and dignified by 
the name of expansion joints. In the pre- 
sent instance, for example, an ordinary 
sliding plate fitted with a compression 
grease cup would probably move as easily 
is the badly rusted rolls on a rusty base 
ind cap; while the guard bolts would be 
brought into actual shear and tension under 
forces tending to displace the shoe instead 
f inbending as with the detail adopted. 
From a careful examination of the 2}-in. 


anchor boats of the windward column of 


the fixed bent under the 250-ft. span, it 


would seem that they were without nuts, 
though this fact appears to have no 
material influence on the wreck. 


* 
250-h.p. Gas Engine. 


HE gas engine illustrated in the accom- 
panying half-tone is one recently completed 
by Messrs. J. E. H. Andrew & Co., Ltd., of 
Redditch, and embodies several interesting 
features. It will be seen that the engine is 
of that type in which the cylinders are 
placed facing each other at opposite ends of 
the bed plate, and drive on to a crank shaft 
placed in the centre. The design of the 
cvlinders permits of their being bored 
throughout at one setting, and the combus- 
tion chamber being machined is readily and 
effectually cleaned. The inlet valve is situ- 
ated at the top of the cylinder, and the 
exhaust at the bottom opposite each other, 
both having ample area. 

By this arrangement the makers state 
that a direct flush is obtained with the cor- 
responding advantage of a better clearance 
of the cylinder. 

The air valve and the magneto-ignition 
plug are fixed opposite each other on the 
cylinder in a lateral direction, the whole 
arrangement facilitating the removal of the 
cylinder covers and giving direct access to 
the various parts for cleaning. 

A strong frame built of steel boiler plates 





250 H.P. GAS ENGINE. 

















forms the rocking lever for 
actuating the valves, motion 
being given to each lever by 
two cams acting upon steel 
rollers supported between the 
arms. 

The action of the valves is 
aided by springs, which are 
placed in full sight, and are 
easily accessible. Two springs, 
equidistant from the valve 
spindle, are used, being coupled 
to a cross head fastened on 
the spindle, thus giving a 
straight andeven pull. All this 
mechanism is in full sight. The 
air and gas valves are separately 
controlled. The whole of the 
parts run very easily during 
working. 


The exhaust valve works in 4 
a barrel kept cool by a constant ; 
flow of water which sub- 7’ 


sequently passes through the 
cylinder cover jacket. The 
cylinder is also water jacketed, 
outlets being provided at the 
highest points to drain off the hot water. 
Six gallons of water are required per horse 
power per hour to effect the necessary 
cooling, for which two services are required 

a main service and a secondary service. 

Special attention has been paid to the 
lubrication, which is both ample and con- 
tinuous. The flow of oil, which is con- 
trolled by regulating taps, is set up by 
means of a small rotary pump connected 
by a series of pipes to the various points of 
delivery, the excess of oil being returned to 
a collecting tray, after passing through a 
gauge sieve. To enable the engineman to 
fill up the lubricating pipes on starting the 
engine, a free wheel has been fitted to the 
pump. 

The mechanism for operating the magneto- 
igniter is of interest, and may be discerned 
in both illustrations, more particularly in 
that showing the end view of the cylinder. 

The function of the mechanism is to 
accurately regulate the moment of ignition, 
this being effected by a vibrating rod carried 
by two stout arms. The upper end of the 
rod, in vibrating, makes contact with a 
trigger, through which the armature is 
caused to rotate, thus producing a spark. 
The release of the trigger breaks the circuit. 

The fulcrum of the rod is determined by 
a small eccentric mounted in and carried 
by the bracket, which also carries the pivot 
of the two short arms. The eccentric can 
be adjusted by a toothed quadrant, so that 
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GAS ENGINE VIEW SHOWING THE MAGNETO-IGNITER. 


the position of the fulcrum of the rod ‘is 
varied at will. This action is almost simul- 
taneous, and can be very exactly regulated 
as to its period. 

An independent supply of air, furnished 
by a compressor driven by a small engine, 
is used for starting the engine, the air thus 
used serving also to flush out the cylinder. 
A special valve regulates the supply of air, 
the former remaining open while the engine 
runs slowly, but closes automatically on the 
engine reaching normal speed. The aim of 
the makers in turning out*an engine of 
excellent design with ready accessibility of 
all working parts has been ably achieved. 


c 


Experiments on the 
Influence of Depths 
of Water on the Speed 
of Torpedo Boats. 

EXPERIMENTS on the speed of torpedo 
boats in shallow water were first described 
in 1894 by Captain Rasmussen (Engineering, 
September 7th, 1894), and the same author 
took up the subject again five years later in 
a lecture before the Institution of Naval 
Architects. Experiments at different depths 
were further made by Major Rota (Trans- 
actions Inst. Nav. Arch., tg00) and by 
Prof. Schiitte, of the Danzig Technical 
High School. 
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The trial runs referred to in the present 
article* were organised by the German 
Navy with a view of accounting for the 
striking differences in speeds recorded with 
the same torpedo boat at different places, 
under otherwise identical conditons. As, 
on the other hand, the experiments of 
Rasmussen and Rota could not be applied 
to the differently shaped German boats, 
new experiments became necessary, of 
which the results are given in the following : 

1.—Up to yom. depth the influence in question 
is immaterial in the case of large size German 
boats, being only 0°5 to 1% A depth up to 
40 m. can therefore be considered as practically 
unlimited. 

2.—With the maximum performance—i.¢., 
about 27 knots in deep water—a depth of about 
25 m. is the least favourable, the loss of speed 
being as high as o°62 knots, corresponding 
to 2.3% 

3.—With the smallest depth experimented on 
(7 m.) the loss of speed in the most unfavour- 
able case is as high as 5°64 knots. With 60m 
depth and 2,700 i.h.p., the speed was 21°48 
knots; and with 7 m. depth, under otherwise 
identical circumstances, 15°84 knots. 

4.—With the smallest depth of 7 m. and an 
output as high as 4,600 i. (metr.) h.p. of the 
engine, an increase of speed of 0°82 knots 
was recorded over the run at 60 m. depth. 

5.—For speeds less than 12 knots, there was 
no difference to be noted in the output of the 
engine for the various depths experimented on. 

The following tables give the experi- 
inental figures recorded by the author : 

Speeds in knots with same outputs of engine 


Depth of water 60m. 40m. 25m. I5m. Iom. 7m. 
5680 i. (metr.) h.p. 27°17 26°93 26°55 27°20 27°66 27°82 


4600 25°13 24°86 24°56 23°58 23°50 25°95 
4000 ” 24.01 23°73 .23°46 21°80 23°52 24°52 
2700 ’ 21°48 21°28 21°09 20°00 17°75 15°84 
2000 9° 20°00 19°84 19°72 19°08 16°94 15°11 
1500 . 18°75 18°67 18°58 18°20 16°68 14°84 
1000 a 17°16 17°16 17°06 16°86 16°22 14°44 
500 jm > a fe es eg | 


Outputs of engine in i. (metr.) h.p. withtsame speeds. 


Depth of water 60m. 40m. 25m. 15m. Iom. 7m. 


27 knots 5590 5715 5920 5605 5315 5195 
24 ’ 3995 4140 4290 4710 4110 3870 
21 . 2465 2560 2650 3550 3525 3510 
18 1240 1250 1285 1410 2815 3210 
15 600 600 600 615 640 1800 
12 255 285 285 285 285 285 


Speeds in knots with same angular speed (r.p.m.) 


Depth of water 60m. 4om. 25m. 15m. Iom. 7m. 


270 rev. p.w. 26°75 26°55 26°22 26°57 27°15 27 31 
250 . 26°84 24°66 24°34 23°60 25°03 25'32 
200 20°52 20°36 20°42 19°56 17°55 16°05 
150 16°66 16°65 16°65 16°52 16°14 14°55 
100s, 27 wy SF nD hue OCU 


A comparison between the results above 
recorded and those found by previous ex- 
perimenters shows a satisfactory agreement 
between the various figures. 

* By M. Paulus. Zeitschrift des Vereins Deutscher 
Ingemeure, Vol. x\viii., No. 50, Dec. roth, 1904. 








As regards the causes responsible for the 
phenomena at issue, there does not seem to 
be any strictly scientific explanation avail- 
able, the investigation of the waves 
produced by the ship and the resistance 
against its propulsion in the water, as there- 
with connected, being not far enough 
advanced to warrant any safe conclusion. 
The author thinks, however, the hypotheses 
developed in the following, and which were 
suggested by Mr. Froude, jun., to be in all 
probability true. 

According to Froude, the lines of flow 
being propagated in the shallow water in 
two directions, instead of in three directions, 
would be limited in their downward ex- 
pansion, thus increasing the differences in 
speed and pressure of the passing lines of 
flow. An influence will thus on one hand 
be brought about on the whirling resistance 
by the great differences in speed of the 
current lines, and on the other hand on the 
wave-forming resistance by the — great 
differences in pressure. 

The following fact will exert an influence 
only on the wave-forming resistance : With 
a certain speed of the ship, the wave 
generated by the latter (‘wave of transla- 
tion’) becomes equal to the length of the 
ship. This speed is the most unfavorable 
for the ship in question, as in this case the 
wave-forming resistance is extremely high, 
and accordingly the output of the engine 
increases with extraordinary — rapidity 
as the speed grows. The curve repre- 
senting the indicated h.p. will approach the 
axis of ordinates more and more asymptoti- 
cally up to this speed. As soon, however, 
as this speed has been exceeded, the re- 
sistance of the ship, and accordingly the 
output of the engine, will increase at a 
lower rate with augmenting speed. The 
curve just referred to will therefore show 
an inflection point. Now the moment at 
which the wave of translation becomes 
equivalent to the length of the ship will be 
much earlier with smaller depths than with 
greater ones, as the speed of the wave is 
delayed by the resistance of the bottom of 
the sea. The most unfavourable case must 
therefore occur for a smaller speed, so that 
the curve of the i.h.p. rises rapidly already 
for lower speeds, soon to pass into a less 
steeply rising branch beyond an inflection 
point. 

The comparison above referred to 
between the results of various experimenters 
gives a means of applying the special results 
here recorded to any other given torpedo 
boats, while a further extension to vessels 
of similar shape, such as, for instance, 
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rapid steamers seems also to be warranted. 
As regards, however, a possible extension 
to vessels of any shape and size, the author 
thinks further experiments on a vessel of the 
given type to be necessary. 


* 
The River Hooghly. 


THE River Hooghly, which provides the 
navigable approach to Calcutta, the capital 
of India, is the most western outlet of the 
Ganges delta; and it is considered to com- 
mence at the confluence of the two first off- 
shoots from the Ganges, the Bhagirathi and 
the Jellinghi, at Nadia, about 79 miles above 
Calcutta; and a third offshoot, the Mata- 
banga, flows in 30 miles lower down. The 
Bhagirathi, the most western and principal 
offshoot, receives, in addition to its supply 
from the Ganges during the flood season, 
the drainage of a track of country lying to 
the west, through some tributaries coming 
in on the right bank; and the Hooghly also 
is fed by the rainfall of the country between 
its right bank and the hills, discharged 
mainly by four tributaries—the Damuda 
and the Rupnarayan flowing in 37 and 42 
miles respectively below Calcutta, and the 
Haldia and Rasulpur joining the wide 
estuary into which the Hooghly expands 
below Kantabaria on its way to the sea. 
The Hooghly, accordingly, besides being a 
branch of the deltaic Ganges, drains an 
area, including the deltaic lands on the left 
bank, of about 30,000 square miles, like an 
independent river; and, being tidal, and 
consequently receiving a large volume of 
water from the Bay of Bengal during the 
flood-tide, it has formed a large estuary, 
quite unlike the branches of delta-forming 
rivers flowing into tideless seas, only main- 
tained by their freshwater discharge. The 
River Hooghly possesses the special interest 
of occupying an intermediate position 
between tideless and tidal rivers; for, 
whilst forming one of the many branches of 
the Ganges delta, like the branches of the 
tideless, deltaic Mississippi, Danube, and 
Nile, it flows through an expanding estuary 
to the sea, like the tidal Seine, Elbe, and 
Ribble. The freshwater discharge of the 
River Hooghly is very irregularly distributed; 
for the floods of the Ganges, largely due to 
the melting of the snows on the slopes of 
the Himalayas in the summer, come down 
past the inlets of the offshoots feeding the 
Hooghly from July to October, coinciding 
with the periodical freshets coming down, 

By L. F. Vernon- Harcourt, M.A., M.Inst.C.E. 
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for two or three consecutive days, the 
tributaries of the Bhagirathi and the 
Hooghly during the rainy season ; whereas, 
during the remaining eight months of the year 
the bed of the inlets from the Ganges being 
above the level of the low stage of this river, 
no water beyond a slight percolation through 
the banks flows down the offshoots, and the 
tributaries are also practically devoid of 
flow. 

The Ganges brings down large quantities 
of alluvium in its flood-waters, derived 
largely from the action of glaciers and 
avalanches in the Himalayas, and also from 
erosion of the alluvial lands in the plains in 
changing its course; but as the beds of the 
inlets are several feet above the bed of the 
Ganges, only the finer and lighter sand and 
silt, carried in suspension in the higher 
layers, are discharged with the flood-waters 
into the offshoots. The tributaries, how- 
ever, though less heavily charged with 
alluvium, bring down coarser sand in flood- 
time, as proved by the deposits found near 
their outlets. The Hooghly, accordingly, 
carries down large quantities of sand and 
mud to the sea during its freshets; but 
though the mud in suspension forms the 
most conspicuous feature in its waters, even 
in the dry season, it only gradually settles 
in slack water at the sides and in deep 
hollows, being mainly borne out to sea ; and 
it is the sand which almost exclusively 
forms the bars and shoals found in the river. 

The rise of tide in the Bay of Bengal in 
front of the approach channels to the 
Hooghly estuary, is 11 feet at the height of 
ordinary springs; and the range increases 
as the channels converge towards the 
estuary, and on ascending the narrowing 
estuary. In the latter half of the dry 
season, when the flood-tide is impelled up 
the river by the prevalent south-west mon- 
soon, the tidal influence extends about 5 
miles above Nadia at a high spring tide, or 
about 130 miles from the mouth of the 
river ; and at such a tide during this period, 
owing to the obstruction offered by the 
sandbanks and bends in the river, the 
earliest flood-tide comes up the river as a 
bore, which appearing first near Moyapur, 
about 70 miles above the mouth, reaches a 
maximum height of 5} feet at Chinsurah, 44 
miles higher up, and then gradually dies out 
as it ascends the river. During the rainy 
season the freshets raise the level of the 
river considerably, and, overpowering the 
flood-tide, prevent a _ reversal of the 
current above the estuary, so that during 
high floods the tidal rise consists merely in 
a backing up of the freshwater discharge by 
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the flood-tide; and the limit of the tidal 
influence at springs is about 40 miles lower 
down the river than in the dry season. The 
tidal range, however, at high springs in the 
estuary is hardly at all affected by the 
freshets; and though the tidal influx at that 
period decreases rapidly on ascending the 
estuary, and practically ceases on reaching 
the river above, the reduction in tidal 
range at high springs resulting from the 
freshets, does not attain 2 feet at Kidderpur, 
3 miles below Calcutta. Though, however, 
the tidal influx is small, except near the 
mouth, during the rainy season, the fresh- 
water discharge of the Hooghly is so insig- 
nificant during the remaining eight months 
of the year, that the navigable depth of the 
river, and the maintenance of its channels, 
are practically wholly dependent on the 
tidal influx. 

The descending current of the freshets in 
the rainy season, and of the ebb-tide during 
the dry season, forms a channel, like in all 
winding rivers unaffected by tidal influences, 
keeping close to the concave bank in the 
bends, where it is always deep, and crossing 
over, where the bank begins to change its 
curvature to convex, to the concave bank at 
the next bend below, on the opposite side of 
the river, the depth being always reduced at 
the crossing where the current ceases to be 
guided by a bank. Thischannel being scoured 
out each year by the freshets, and to some 
extent maintained by the ebb-tide during 
the dry season, almost always constitutes 
the navigable channel. The _ flood-tide 
current, however, which is the preponder- 
ating force throughout the dry season, and 
much stronger than the ebb-tide current 
during the latter half when aided by the 
south-west monsoon, coming up in the 
opposite direction, tends to diverge from the 
direction of the ebb-tide current at the 
crossings, and to form a sort of blind 
channe! along the opposite bank between 
the bends. At several of the crossings 
between sharp bends below Calcutta, the 
configuration of the banks fortunately 
causes the flood- and ebb-tide currents to 
approximate in direction, and thus prevents 
the channel at the crossings from becoming 
so shoal as to form impediments to navi- 
gation; but at Moyapur, Royapur, and in 
the James and Mary reach, where the river 
has become unduly wide near the crossings, 
the flood- and ebb-tide channels run along 
opposite banks, leaving a central shoal at 
the crossing between them, over which the 
depth falls below three fathoms at the 
lowest low-water. These channels experi- 
ence three periods of change; for on the 


arrival of the,freshets, the ebb-tide channel 
is deepened and the flood-tide channels are 
silted up; then, as the freshets subside, 
deposit takes place from the slackened 
current, and the ebb-tide channel becomes 
shallower, and the shoals and sandbanks 
extend ; and, lastly, during the dry season, 
the flood-tide channels are opened out, 
and the ebb-tide channel becomes shallow 
where the flood-tide channels diverge from it. 

On entering the estuary, there soon 
ceases to be any regularly defined navigable 
channel; and the course selected for the 
buoyed channel, through a series of long, 
deep pools separated by wide shoals, or 
bars, over which the depth is under three 
fathoms at the lowest low-water, is merely 
the line which best combines the greatest 
available depth with stability and shelter. 
The principal lines of navigable channel 
through the estuary, indicated by the charts 
since 1768-70, exhibit a considerable variety 
of course, though converging at their outer 
ends tothe deep pool forming Saugor Roads; 
but for some years previously to 1882, up to 
1896, the buoyed channel retained its general 
course, with only moderate deviations in 
position, and in lengths of two to five shoals 
rising above the 3-fathom depth between 
the pools through which it passed. Owing 
to the extension of Diamond Sand, accom- 
panied with erosion of the opposite bank, the 
navigable channel in the upper part of the 
estuary, which is to some extent affected by 
the efflux of the freshets from the river, has 
been shifted successively from the left bank 
to a central channel, and, lastly, to the right 
bank; and a recent concentration of the 
main current into the channel along the 
right bank, and the opening-out of a new 
channel in continuation of a diversion of the 
upper channel across the estuary, led to a 
change being made in the lower part of the 
navigable channel in 1897, effecting a 
reduction in the length of the bars, and an 
improvement in available depth. 

Various proposals have been made at 
different times for the improvement of the 
river, comprising practically all the various 
methods available for the purpose, namely, 
diversion of tributaries, diversion of the 
river across bends, regulation of the river by 
training works and training-walls, dredging, 
and dredging and regulation works; but 
hitherto, beyond a few experimental spurs 
constructed in the Moyapur reach about 
1866, no improvement works have been 
carried out. 

Mr. Longridge, in a Paper read at the 
Institution in 1861, on the “The Hooghly 
and the Mutla,” suggested improving the 























James and Mary reach by diverting the 
Damuda into the Rupnarayan; whilst Mr. 
Leonard, in his Report on the improvement 
of the river in 1865, stated his opinion, that 
if the discharge of the Damuda was con- 
fined to its channel, instead of overflowing 
during floods into the Rupnarayan, and 
if then this latter river was diverted into the 
Haldia, the James and Mary reach would be 
greatly improved for navigation, as he attrib- 
uted the shoal at the lower end of the reach 
chiefly to the action of the discharge of the 
Rupnarayan flowing in at right angles to the 
Hooghly. The formation, however, and 
maintenance of either of these diversions 
would be very costly; and they neither of 
them appear likely to produce the effects 
anticipated by their proposers. 

Mr. Brooks, in a lecture at the United 
Service Institution in 1865, advocated the 
construction of a curved cut across the pro- 
jection at Hooghly Point, for diverting the 
course of the river away from the James 
and Mary shoal, the only objection to which 
proposal is its great cost, and the necessity 
at the present day of commencing the 
diversion higher up the reach, on account of 
the appearance of the Ninan bar. 

Mr. Leonard, in his Report, presented a 
scheme for deepening the navigable channel 
across the obstruction shoals in the crossings 
at Moyapur, Royapur, and in the James and 
Mary reach, by means of brushwood spurs 
along each bank near the crossings at 
Moyapur and Royapur, so as to direct the 
flood and ebb-tide currents into a single 
central channel; and by brushwood spurs 
extending from the left bank below Fulta 
Point for about 14 miles, followed by a 
training-wall of burnt clay extending for a 
similar distance down the centre of the 
reach, with the object of directing the ebb- 
tide current, forming a channel along the 
left bank in the James and Mary reach, into 
the flood-tide channel running up the right 
bank in the lower part of the reach. The 
experimental spurs at Moyapur showed that 
the spurs on the left bank, by forming a 
reclamation in the path of the flood-tide, 
obstructed its progress up the river, with- 
out producing an improvement of depth 
over the crossing. This objection does not 
apply to the works proposed in the James 
and Mary reach; and the only doubtful 
points with regard to that design, are 
whether the spurs there might not lead to 
reclamation, whether burnt clay would 
make a sufficiently compact and durable 
training-wall, and whether the works were 
proposed to be carried out far enough down 
the reach, not merely to direct the descend. 
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ing current into the flood-tide channel, but 
also to scour away the shoal at the lower 
end of the reach. 

It is evidently essential in a river like the 
Hooghly, dependent on the flood tide for 
its depth and maintenance during two- 
thirds of the year, to avoid the slightest 
checking of the influx of the tide up the 
river, and any reduction of the tidal capacity 
by reclamations. In order, therefore, to 
concentrate the scour of the flood and ebb 
currents in a single channel at the crossings, 
where shoals form an impediment to navi- 
gation, the descending current of the 
freshets or ebb-tide must be directed into 
the flood-tide channel alongside the oppo- 
site bank; and this could be most effectu- 
ally accomplished by a single, concave, 
fascine-mattress training-wall, starting from 
the ebb tide bank above the crossing in 
each case, and gradually extending suf- 
ficiently into the river to cause the ebb-tide 
current to flow into the flood-tide channel 
on the other side. The introduction of the 
flood-tide would be thus facilitated; whilst 
reduction of tidal capacity would be avoided 
by keeping the training-wall below the 
lowest low water. By thus lowering the 
bars by induced scour at the worst places, 
an available depth of four fathoms at the 
lowest low-water wonld be secured between 
Calcutta and the estuary. 

The removal of narrow temporary 
obstructions in the river, and the opening 
out of a new channel, or the lowering of an 
exceptionally high shoal for a short distance, 
in the estuary, might be etfected by a 
powerful suction dredger ; but the Hooghly 
is too large a river, its shoals are too fluctu- 
ating with the seasons, and the bars in the 
estuary are too long, to be systematically 
deepened by dredging. 

In 1899, Mr. Bates, in passing through 
Calcutta, proposed improving the river 
above its estuary by suction dredgers with 
cutters, and regulation works. He recom- 
mended reclaiming the sandbanks extending 
out from the convex bank at the bend by 
embankments, from Atchipur Flat down. 
wards, and the cutting away of the pro- 
jection at Fulta Point by dredging, so as to 
form a continuous concave left bank from 
some distance above the Point down to 
Hooghly Point, at the lower end of the 
Jamesand Mary reach. The reclamations, 
however, whilst reducing the tidal capacity, 
would only impede the influx of the flood 
tide, without affecting the depth at the 
crossings at Moyapur and Royapur, and 
would force the main current during the 
freshets more against the concave bank by 
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narrowing the waterway at the bends, 
and thus promote erosion, and an increase 
in the sinuosities of theriver. The removal 
of Fulta Point would cause the disappear- 
ance of the Ninan bar at the top of the 
James and Mary reach; but it would not 
materially affect the worst bar in the river, 
at the lower end of the reach, during the 
dry season, or the divergence between the 
flood and ebb-tide channels, which is the 
main cause of the dangerous obstruction, 
known as the James and Mary shoal. 

There do not appear to be any peculiar 
conditions in the case of the Hooghly ren- 
dering it incapable of improvement at the 
worst shoals above its estuary, as has been 
often asserted ; and it is hoped that a care- 
ful study of the physical conditions of the 
river, rendered possible by the excellent 
charts published during the la-t twenty 
years, may lead toa satisfactory solution of 
the problem as tothe best means of improv- 
ing the river for navigation. 


* 
Fuel Economy in 


Steam Power Plant.* 


THERE are numerous economies possible 
in every power plant, and an endeavour 
will be made to point these out in the 
hope of stimulating the search after pos- 
sible and practicable economy, to suggest 
thoughts on which all steam engineers may 
work—thoughts, many of them suggested to 
the authors by engineers who have directed 
their own energies in certain directions 
more than in others. Economy, commer- 
cially considered, is not identical with 
economy of first cost, nor yet with economy 
in fuel or wages. Nor can commercial 
economy be defined even as that com- 
promise which makes the best return on 
the outlay, for there are other considera- 
tions which are sometimes paramount. 

It is, for example, justifiable to economise 
plant in a traction station down to sucha 
point that, at occasional special loads, the 
cars shall run a small percentage slow. But 
the parallel happening in a lighting station 
is altogether undesirable and defeats its 
own ends, because the public who use cur- 
rent are not yet trained to switch off some 
lamps when current fails. 

In all which follows, therefore, it must be 
understood that every means to economy 
that is put forward must be considered 
afresh for each particular case, for its adop- 
tion may be good or otherwise, according 
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to the company in which it finds itself, and 
though the authors are particularly con- 
cerned in fuel economy pure and simple, 
they are not unmindful of the discounts to 
be made on account of commercial con- 
siderations. 

Steam power economy is to be secured 
by attention to fuel and its combustion, 
feed-water and its treatment and heating, 
furnace design and arrangement, steam 
treatment and its use in suitable engines. 

The subject divides itself into the several 
heads as follows :— 

I. Feed-water. 
II. Fuel. 
III. Boilers and Furnaces. 
IV. Steam. 
V. Waste Gases. 
VI. Draught. 

In such a paper statistics would only lead 
to controversies that might obscure the 
intention of the paper, which is rather to 
emphasise principles than to indicate 
beaten paths. 

FEED-WATER. 

Only very few natural waters are fit for 
use in steam boilers without some pre- 
liminary treatment ; chemical examination 
can alone reveal whether this treatment is 
required, and what must be its character. 

Analysis.—The examination of a water 
intended for steam-raising purposes should 
cover its acidity or alkalinity, presence of 
oily or fatty matter, total solids, temporary 
and permanent hardness. A trained chemist 
is required for this work. The examina- 
tion of the water supply should be repeated 
at monthly intervals, since changes occur 
in the composition of all natural waters, 
according to the period of the year and the 
rainfall. Water taken from rivers or 
streams near the coast is subject to con- 
tamination by sea-water at the periods of 
flood-tide in the spring and autumn, and 
this danger must be recognised and guarded 
against. 

When softening apparatus is ins‘alled, 
whether of the automatic or intermittent 
type, daily tests should be made of the 
water leaving the apparatus, since there is 
grave risk in many cases of excessive 
amounts of chemicals being used for soften- 
ing. This excess produces priming and 
other evils in the boilers. The authors 
have seen at a north country works an 
ingenious automatic arrangement of twenty- 
four vessels for retaining this number of 
separate samples of the water during the 
day’s work, each one filling in succession 
and requiring one hour for this purpose. 
The chemist at these works spends half an 














hour each morning in this sampling place 
(which is kept locked), and tests in this 
1ime selected samples of the previous 
twenty-four hours for alkalinity and hard- 
ness. Some che°k of this kind is impera- 
tive, since even the most reliable types of 
automatic softening apparatus are apt at 
times to get out of order, and variations 
in the composition of the water supply, as 
already noted, occur during the spring and 
autumn months of the year. 

Softening A pparatus.—All waters contain- 
ing more than 15 English degrees of total 
hardness (i.¢., an equivalent of 15 grains of 
calcium carbonate per gallon) should be 
subjected to treatment with chemicals 
before use in the boilers; and in large 
steam-generating plants it would probably 
pay to put in a softening apparatus when 
the water employed tests above 10 deg. of 
hardness. 

The addition of ‘ boiler compositions ”’ 
to the feed-water as it enters the boilers is 
unscientific and bad. A boiler is designed 
for making steam, and not for carrying out 
half a dozen other operations, which 
sellers of ‘‘ secret ’’ compositions and un- 
wise engineers sometimes attempt in it. 
External treatment of the water in an 
apparatus, which permits removal of the 
deposit before the water enters the boiler, 
is therefore an essential condition of scien- 
tific :team-boiler management. 

Scale and Grease Troubles.— A thin coating 
of scale upon the boiler plates is advan- 
tageous, since it protects the iron from 
pitting and corrosion. When this coating 
has increased to one-twentieth of an 
inch in thickness no further advantage 
is gained, and the rate of heat transfer 
through the platesis diminished enormously 
as the scale increases in thickness. The 
heat-conducting power of scale is stated 
by various authorities to be between one- 
thirtieth and one hundredth that of boiler 
plate, and should the scale contain oil, its 
conductivity for heat is stillfurther reduced. 
The presence of oily matters in scale can 
be easily detected by heating a small por- 
tion of the scale upon a platinum spatula 
in a Bunsen flame; the scale, if it contains 
oil, chars and gives off a disagreeable 
odour under such conditions. Oil in the 
water-supply, and oily scales are a cause 
of pitting and corrosion; since animal and 
vegetable oils yield decomposition products 
of an acid character, at temperatures 
which may easily occur within the boiler. 
The examination of the water-supply must, 
therefore, include tests for oily and fatty 
matters, when water from the exhaust is 
employed. When mineral oils are used for 
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lubrication this danger, of course, is not so 
great, since these oils do not yield fatty 
acids on decomposition; but even in this 
case it is the better plan to keep the oily 
matters out of the boilers, by efficient 
filtration. The addition of caustic soda to 
the feed-water as it enters the boilers, in 
order to saponify the fatty matter, is not 
to be recommended, since soapy water 
leads to priming and other troubles only a 
little less serious than those caused by oils. 

As a guard against pitting and corrosion, 
the authors recommend the use of zinc 
slabs and rods, bolted in suitable positions 
to the stays and angle plates of the boiler. 
The action of this metal is too well known 
to require comment ; and even if its electro- 
chemical action does not come into play, 
these metal projections into the body of 
boiling water will help to promote regular 
steaming in the boiler. 

Preheatiung and Thermal Storage.—The 
advantage of feeding the boilers with 
water approaching as nearly as possible to 
the boiling temperature is now fully recog- 
nised. Not only does this promote more 
regular steam generation and, therefore, 
the efficiency of the boiler plant, but it 
also accelerates the softening process, 
since the chemical reactions upon which 
this is based take place much more rapidly 
in hot solutions thanin cold or warm ones, 
and the precipitates obtained are more 
easily settled out in the former case. 

The only question regarding the value of 
preheating upon which engineers are now 
disposed to differ, relates to the use of live 
steam for this purpose. It isadmitted that 
all the waste heat ofa boiler plant, whether 
of the exit chimney gases or of the exhaust 
and condensing water, should be utilised, 
if possible, in the feed-water supply, and 
that the heat obtained in this way is clear 
gain. But, the advantages of using live 
steam, in addition, for heating the feed- 
water up to 212 deg. F. or above that limit, 
as in the Thermal Storage system, is not by 
any means tully recognised, and there is still 
a disposition to regard this method of using 
live steam as uneconomical and wasteful. 
The authors do not agree with this view. 
The heat of the live steam is retained in the 
feed-water heater, and the advantages to be 
gained by having all the water heated to a 
temperature of 212 deg. F. or higher, far 
exceed the slight loss of heat which occurs 
by condensation and radiation from the 
connecting pipes between the preheater and 
the boilers. Of course this loss must be 
minimised by placing the feed-water heaters 
close to the boilers. 

The real cause of the increased efficiency 
F2 
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which independent authorities (as, for 
instance, Mr. Miller and Col. Crompton) 
assert has been obtained from boilers fed 
with water at or above 212 deg. F., is not 
yet settled. If water containing solid matter 
in suspension be heated in a glass vessel, it 
can be observed that convection currents 
are set up which continue until the boiling 
temperature is attained. These currents 
must necessarily absorb some portion of 
the heat energy of the fuel, and convert it 
into mechanical work. A possible explana- 
tion of part of the gain observed when 
feeding boilers with water at or above 
212 deg. F. is, therefore, that the loss of 
heat due to the performance of merely 
mechanical work is avoided, and the whole 
of the heat-energy of the fuel is devoted in 
the boiler to the conversion of the water 
into steam. In the feed-water heater as 
usually designed, convection heating does 
not take place to any great extent, the 
water being heated by falling through the 
steam in the form of mist or spray. 

This explanation finds some support in a 
paper read by Mr. Hamilton before the 
Belfast Mechanical and Engineering Asso- 
ciation, in 1902, and quoted in a leading 
article in The Engineer of August 19th, 1904. 
In this paper, Mr. Hamilton pointed out 
that the hotter the water inside the boiler, 
the greater is the amount of heat which 
passes through the boiler-plate per unit of 
superficial area, the measure of relative 
efficiency being the gain in temperature 
when not steaming, and the water evapor- 
ated when steaming. The increased heat- 
ing power when steaming represented a gain 
of about 100 per cent. in the normal heat- 
transmitting power of the boiler-plates. 

The subject is well worth more study 
than it has yet received, for the facts relat- 
ing to the gain in boiler efficiencies when 
fed with water at or above 212 deg. F. 
seem indisputable, and when a satisfactory 
explanation of the cause has been given, 
engineers will no doubt be ready to adopt 
preheating and thermal storage plant to a 
much greater extent than is now the case. 
The steam boiler of the future is likely, in 
fact, to be specially designed for this double 
duty of preheating its feed-water and pro- 
viding steam; and it is interesting to note 
that one or two boilers of this type have 
already been designed and patented. 

FuEL Supp ty. 

The importance of the fact that fuel 
represents 50 per cent. of the total works 
cost in the generation of electricity, and 
that from ro to 20 per cent. of this outlay 
can be saved, is often ignored by engineers, 


when contemplating the low price at which 
they have placed their fuel contracts. It 
is held that because fuel is cheap, there- 
fore it may be wasted with impunity; and 
much of the inefficiency to be found in the 
boiler houses of electricity works is to be 
traced to this fallacy. 

But a ro per cent. saving on the total 
works cost is worth effecting even when 
these costs are exceptionally low; and 
systematic sampling and testing of the fuel 
would, in many cases, be found to save 
money. The supplies of fuel, whether 
cheap or dear, ought therefore to be sub- 
jected to regular sampling and testing. A 
check upon the colliery firm or coal mer- 
chant supplying the fuel is afforded by the 
laboratory examination, and this is useful, 
not only in maintaining regularity in the 
quality of the fuel supplied, but also in 
affording a basis for the new contracts 
which are from time to time made. 

Sampling.—The sampling of fuel requires 
care if the sample is to be representative 
of the bulk supplies, and much of the dis- 
trust in engineers’ minds relative to the 
value of laboratory examination of fuels, 
has been due to lack of expert control of 
the sampling operation. A copy of sam- 
pling rules is therefore included in the 
Appendix of this paper, and it is recom- 
mended strictly to adhere to these when 
sampling fuel for analysis. 

When a coal-conveying plant is installed, 
an automatic sampling arrangement should 
be added to it. 

Testing.—The testing of fuel for technical 
purposes should cover moisture, ash, coke, 
volatile matter and calorific value; the 
last being calculated from the approximate 
analysis and also ascertained by barning 
from 4 to 2 grammes of the fuel in one of 
the various forms of fuel calorimeters. 

Placing Fuel Contracts.—It is often found 
that the fuel which yields the best labora- 
tory test results is not that which produces 
the most steam per lb. of fuel when burnt 
under the boilers; and a tendency is 
manifest to make use of this fact as an 
argument for dispensing altogether with 
fuel analysis and calorimetric tests, when 
placing fuel contracts. This view is a 
superficial one, and is wanting in a true 
appreciation of the factors which govern 
the combustion of fuel under the boilers. 

Every type of boiler-surface is naturally 
best fitted for burning a specific kind of 
fuel, and by empirical trials this fuel may, 
of course, be found. 

Too little attention has certainly been 
given in the past to this question of adapt- 
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ing the furnace construction and methods 
of firing to the fuel, and whatever boiler- 
makers chose to recommend has been much 
too readily accepted. Most of the elec- 
tricity works where high-priced fuel is now 
being used, because it is asserted that 
steam cannot be kept up or that smoke is 
produced, when burning cheaper fuel, are 
simply playing into the hands of the South 
Wales Colliery Companies. 

The authors assert that with suitable fur- 
nace construction and _ scientific control, 
bituminous fuels can be burnt without 
causing smoke troubles and with high 
efficiency under every type of boiler, and 
that great savings in fuel costs could be 
effected in this direction. But the furnace 
construction must be adapted to 
the fuel, and it is absurd to suppose 
that furnaces designed for burning 
anthracite or semi-anthracite fuel, 
will satisfactorily burn fuels con- 
taining 30 per cent. or more of 
volatile matter. The percentage 
of volatile matter which a_ fuel 
gives off when heated is in fact a 
measure of the size of the chamber 
required for its complete com- 
bustion, and it is here that the 
laboratory examination of fuel 
yields results of the greatest 
value. 
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absorbed by the feed-water would be neutra- 
lised in the water softening operation. It 
must be remembered here that the sulphur 
would finally appear in the boiler as sodium 
sulphate, but the authors suggest that it (the 
sulphur) might be recovered in some way, 
and made a source of revenue to the feed- 
water purification plant. The air-heater 
would be of the type used in the regenera- 
tive gas furnace—lengthened contact with 
a considerable surface of heated brickwork 
being necessary to heat air, which is a poor 
conductor of heat, and demands time for 
its temperature to be raised. 

As regards the thermal advantages of 
heating the air used in the combustion pro- 
cess, it may be pointed out that from 20 to 

















AIR SUPPLY. 

The gain in economy and 
efficiency by raising the com- 
bustion temperature inside the 
furnaces by the use of heated air 














is great, especially if heat otherwise 
wasted is applied to heat the 
incoming air. 


The ideal system would be to q 


reduce the exit flue gases to atmo- 


FIG. I.—REFRACTORY FURNACE OF BABCOCK BOILER (KENSINGTON AND 
NOTTING HILL). FORM, CORRECT. ENVIRONMENT, GOOD. 





spheric temperature by means of 
economisers, air-heaters, and 
preliminary feed-water heaters— 
chimney-draught being dispensed 
with and the draught produced 


| 





by fans. The preliminary feed- 
water heaters would be _ placed 
last in such a system, and the 
whole of the remaining heat would 
be removed from the exit gases 
by spraying the water through 
them, or by use of a tower filled 
with tiles or flints. aa 

Little or no unconsumed carbon 
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would be produced under the 





conditions obtaining with a very 
high temperature in the com- 
bustion chamber of the furnaces, 
and the sulphur dioxide and CO, 
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2.—ORDINARY FURNACE OF LANCASHIRE BOILER, 
FURM, CORRECT. ENVIRONMENT, BAD. 
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25 lb. of air are usually required per lb. of 
fuel burned, and if this air could be raised 
to 300 deg. F. before entering the furnace, 
the final temperature after combustion 
would be increased practically by a like 
amount. A gain of 300 deg. F. in the fur- 
nace temperature is not to be despised. 

According to Stromeyer’s experiments’ 
the usually accepted formula for the rela- 
tion between the rate of heat transmission 
(a) and temperature (¢) is incorrect; and in 
place of the former varying as the square of 
the temperature difference, or a (% (t.—+,)’, 
the ratio is expressed by the formula, 
a @& (t.—t,).. Even though the ratio be not 
as the square of the temperature difference, 
the formula shows that a much greater 
efficiency will be obtained from a high than 
from a low initial furnace temperature. 

The most impcrtant causes of low initial 
furnace temperature are, excessive air 
supply to the furnaces, and too sudden 
contact of the half burnt gases, with the 
water-cooled tubes or plates. Larger com- 
bustion chambers and refractory furnace 
linings are the proper remedy for the latter 
evil, and gas testing is the check and 
remedy for the former. 

Furnace temperatures might, in many 
plants, be raised 500 deg. or 1,000 deg. F. 
by attention to these two points alone, but 
even then the limit of what is attainable in 
this direction would not be reached. By 
the use of a heated air supply in conjunc- 
tion with closed-in ash pit and induced or 
forced draught, much higher temperatures 
can be attained in the boiler furnace ; and 
should the suggestion for working such 
furnaces under two or three atmospheres 
pressure be adopted, further increases of 
715 deg. F. and 493 deg. F. could be 
attained. 

The limit of improved efficiency possible 
in this direction is that imposed by the 
ability of the steel used for boiler construc- 
tion to withstand very high temperatures 
under steam pressures of 150 or 200 Ib.; 
but no doubt the resisting qualities of steel 
plates in this respect could be greatly 
improved, and the more general use of 
refractory linings to the boiler furnaces 
would also assist in meeting this difficulty. 

After a brief consideration of the various 
types of boilers in use, the authors proceed 
to the subject of 

FURNACES. 

The economy possible from many appli- 
ances lies entirely in the possibility of using 
a cheaper fuel. The three essentials for 
~ *Memorandum to the Manchester Steam-users’ 
Association, 1902. 


the proper use of bituminous coal are a 
furnace so arranged that the gases given off 
the green fuel and air to burn those gases 
shall travel over the length of the fire 
together, under a draught velocity of not 
less than 30 ft. per second. The mixed 
gases must have a free, unencumbered 
space beyond the furnace in which to com- 
plete combustion, and this combustion will 
be complete it the third essential of tem- 
perature be present. 

In shell boilers of the Lancashire type 
without cross tubes, with roomy brick flues 
and a 200-ft chimney, a careful hand stoker 
will burn bituminous fuel without smoke. 
But this boiler has a water-cooled furnace, 
and is at just about the critical point as 
regards smoke production. With a less 
skilled man or a less active draught smoke 
will be produced. ‘lhe presence of water 
cross pipes beyond the bridge will render 
smoxe: still more easy to produce. Obser- 
vatious of some thousands of boilers, with 
and without cross pipes, have demonstrated 
to the authors the great influence of this 
detail on smoke production. 

The ordinary furnace of the usual types 
of water-tube boiler is hopeless. No perfect 
combustion can possibly take place where 
the gases rise vertically from the grate and 
pass directly between the cold tubes above. 
The essential sweeping effect is absent: 
there is no air mixture, and there is no 
sufficient temperature. Yet, almost invari- 
ably, this common and inefficient setting is 
accepted for the few pounds of saving 
effected in first cost, with the result that 
the whole cost of the boiler in a year or 
two is paid away in the shape of more 
costly coal. 

The water-tube boiler, in common with 
most of all externally fired boilers, can be 
supplied with a furnace of perfect form, of 
refractory material, and with suitable air 
admission. Such a furnace will be smoke- 
less and economical. The water-tube 
boiler has thus undoubted potential advan- 
tages over the shell boiler which has a 
furnace, perfect it may be in form, but 
covered with a water-cooled arch difficult 
to line with refractory temperature con- 
serving material (Figs. 1 and 2). That air 
mixture and time are recognised to be 
factors may be judged from the fact that in 
the Bellville boilers jets of compressed air 
have been blown into the furnace to pro- 
duce rapid horizontal movement and mix- 
ture of the gases, and to compel combustion 
by lengthening the path of the gases 
between the fire surface and the water 
tubes. The effect of the air jets is to 








diminish smoke, but they are a poor and 
uncertain substitute for proper form of fur- 
nace. The familiar class-room experiment 
of extinguishing a candle by cooling the 
flame by means of the heat-radiating power 
of a cone of wire helps one to realise the 
conditions under which bituminous coal is 
ordinarily burned. 

As between Welsh coal and bituminous, 
the thermal units of the latter per unit of 
cost are usually superior to those of the 
former, and it is easy to understand why 
large power stations prefer to pay an 
occasional {100 in smoke fines rather than 
to abandon one coal for another of twice the 
cost, though it is less easy to understand 
why correctly formed furnaces are not 
employed. In existing stations, with floor 
lines fixed, basements occupied, and pipes 
difficult to alter, the change to good furnace 
conditions may involve considerable 
difficulty, but in laying out new plant, it 
should be possible to afford the necessary 
head-room to give good furnace arrange- 
ments. The appearance of ninety-nine out 
of any hundred boiler-houses tends to the 
impression that the designer has acted on 
laissez-faire principles, or has been denied 
the small additional cost that would be 
added to the lowest tender which, irrespec- 
tive of future trouble and expense, rules 
his employers’ judgment. 

In running a station, coal is one of the 
principal items of cost, and the ability to 
employ cheap coal justifies a reasonable 
expenditure on furnaces to enable such 
cheap coal to be used. Only, however, by 
suitable furnaces can the minimum cost be 
secured, and the great economy usual as 
between Welsh and bituminous coal, is only 
to be had where furnace forms, draught and 
lining are correct. Possible only with care 
in internally fired boilers, this correctness is 
easy to obtain with externally fired boilers, 
but is rarely attempted. Smoke is looked 
upon as inevitable, and the engineer may 
make all the smoke he wantsif he can show 
that he has used ordinary plant. 

Heating Surface Efficiency.— Particularly 
in water-tube boilers, provision must be 
made to ensure that all heating surface is 
effective. Gases from the furnace will flow 
by the path of least resistance to the 
chimney, and while this path must not be 
unduly baffled, the area of the path must be 
sufficiently small to compel the travelling 
gas to search out every part of the heating 
surface. 

It is perhaps easier to apply suitable tile 
baffles where the path of the gases is 
parallel with the tubes than when it is 
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across them. Since the gases shrink in 
volume as they traverse the heating surface, 
the cross-sectional area of this space should 
be progressively reduced if necessary, to 
prevent short-circuiting. Where final tem- 
perature is high after passing a reasonable 
area of heating surface, the explanation 
may be sought partially in this direction. 

Radiation and Air Leakage Loss.—Loss of 
heat by radiation has long been recognised, 
and it will suffice here merely to indicate its 
reduction toa minimum by careful covering. 

Loss by infiltration of air has only lately 
been generally recognised as a_ serious 
matter. Glazed brickwork might often be 
better employed to case in boilers than to 
decorate engine-rooms. In the absence of 
glazed brick, all boiler-casing walls should 
be of hard pressed brick in cement, or the 
walls should be thickly painted until air- 
proof, or covered in thin sheet metal all the 
way to the chimney. Heat insulation of 
pipes depends for its effect upon the entrap- 
ping of films of air, by some poor-conduct- 
ing cellular or laminated material. Animal 
wool is probably the best heat insulator 
could it withstand modern temperatures. 
Pipe flanges must be afforded equal protec- 
tion with pipe bodies, and heat insulation is 
of sufficient importance to warrant careful 
attention. 

Stoking—Few men can properly stoke a 
furnace so long as 6 feet. The chief thing 
to aim at in stoking is even thickness, care- 
ful filling of hollow places, and complete 
covering of the bars, often so neglected at the 


front corners near the door. More steam can 


usually be made on the spreading than on 
the coking system; but in the spreading 
system either one side only should be fired 
at once, or one-half of the length, so that 
the excess of air through half the grate may 
mix hot with the gases from the other half. 
Bituminous coal does not burn, except as a 
gas, until about a third of its weight has 
been gasified. When stoked, it chills the 
fire much more than would happen with so 
many cold stones; and the remarkable 
deadening of the fire is not due to this slight 
cause, for only about 11,000 heat units are 
employed in raising a charge of 4 cwt. to 
1,000 deg. F. of temperature, or say } lb. of 
coal. The cooling is due chiefly to absorp- 
tion of latent heat by the production of gas. 
In burning bituminous coal on a grate, 
much of the calorific capacity of the fuel is 
absorbed as latent heat by the newly dis- 
tilled gas, which renders it up again when 
burned later. Coke or anthracite, produc- 
ing little or no gas, burns at or near the 
grate, and produces a clear, bright fire. 
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Bituminous coal cannot be thus burned. It 
must have time, and space, and tempera- 
ture, and the least time and space are 
demanded when the temperature is highest. 
*=Mechanical stoking cannot abolish these 
facts, nor can it possibly be a panacea for 
the smoke evil. Mechanical stoking does 
permit the use of inferior or rather smaller 
coal, and it tends to render more uniform 
the régime of the furnace. It does not 
render grate cleaning unnecessary, and it is 
not, therefore, a perfectly continuous pro- 
cess with the ordinary moving bars. In a 
coking stoker which feeds fuel to one end of 
a grate, the action as regards smoke pro- 
duction and burning is perfect, for the coked 
fuel tumbles into a pit behind the grate, and 
burns out there as in a gas producer. The 
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grate is short, and the coal never burns very 
thin upon the bars in such a stoker as the 
Vicars (Fig. 3), which aims to keep down air 
excess by this means. In the chain grate 
without a back pit, the fuel burns out on 
the grate, and large volumes of excess air 
get in at the back end. This renders 
economy impossible, unless means are 
taken to regulate the admission of air to 
different sections of the grate in accordance 
with the demands of the fuel. Air admis- 
sion above the fire is regulated by grids in 
the furnace door. The opening for air may 
be 4 sq. in. per sq. ft. of grate. Such grids 
are regulated by hands, or by clockwork or 
similar devices. In mechanical stoking the 
air supply gets in more or less incidentally 
through the fuel hopper, and through casual 
openings, and often in far too 
large amounts at the rear of — 
the grate. 

Mechanical stoking does not 
eliminate the need for correct 
furnace forms, or for sufficient 
temperature and proper mix- 
ture of air and_= gas. All 
inventors and purveyors of 
furnace accessories, such as 
grate bars, air admission 
devices, stokers, etc., appear to 
become possessed of one idea, 
and this they push for every 
case, overlooking the fact that 
the combustion of bituminous 
coal is a complex mechanical 
process which can only be 
conducted where the chemical 
equivalents are present to com- 
bine, and the further essentials 
combustion is ensured. 
Theoretically, perhaps little air 
beyond the chemical equivalent 
would be required, were the 
furnace continued to so great 
a length that ultimately every 
molecule of combustible came 
into contact with its molecule 
of oxygen. This assumes a 
heat-conserving furnace. 

Practical considerations 
render it necessary to reduce 
the extent of the furnace, and 
to add an excess of air so as 
to ensure oxygen coming into 
contact with all the com- 
bustible elements of the fuel 
within the zone of sufficient 
temperature. It should’ be 
possible to do this with 25 to 
33 per cent. of air in excess, 
and certainly with less than 50 











as 








per cent. excess. 
bituminous coal will be longer, 
as the heat is kept low, so that a 
suitable furnace has a cumulative 
effect. By conserving tempera- 
ture flame is shortened, and by 
shortening flame the necessity for 
long - protected furnace surfaces 
is reduced. In Fig. 1 is a furnace 
which has been shown effectually 
to burn bituminous coal without 
smoke; but, so far as the authors 
are aware, this furnace has only 
been used with ordinary chain 
grates, and there is no ordinary 
chain grate that does not pass 
an unnecessary and grossly ex- 
cessive volume of air. Until this 
furnace is tried with a less wasteful 
form of grate, no absolute opinion 
can be passed upon its propor- 
tions, though its principles are 
correct. 

The manufacture of a maximum 
of carbonic acid gas per unit of 
fuel consumed, or rather per unit 
of air used, is what should be the 
aim of the stoker. High CO, 
means high furnace temperature, 
high heat transmission, small 
weight of waste gases and general 
furnace economy. Per se, black 
smoke may not indicate serious 
waste of tuel; but it is evidence 
that the boiler surfaces are covered 
with non-conducting soot, and 
black smoke is an incentive to buy 
more costly coal of a less smoky 
order. 

The arrangement of Fig. 1 is 
smokeless under the conditions 
named. 

Fig. 4, which shows the Weir 
water tube boiler, is an example of 
the same principle, scarcely differ- 
ent in the way it is carried out. 
Coal is burned in the A-shaped 
furnace, the walls on all four sides 
of which are of fire brick, and com- 
bustion is continued in a similarly 
protected chamber, and is perfect 
with ordinary hand-firing before 
the heated gases pass among the 
tubes. 

Fig. 5 shows the locomotive 
furnace similarly arranged to 
secure correct form. 


(To be concluded.) 


The flame of 


FIG. [5.—LOCOMOTIV E BOILER, BRICK-LINED FOR LIQUID FUEL. 
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6.—CHAIN GRATE STOKER, WITH AIR-REGULATING CHAMBERS 
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Rotary Valve Gear 
for Locomotives. 


The Young valve and gear with which 
the Chicago and North-Western Railway 
have been experimenting for some time 
past, is an adoption of the Corliss 
principle to suit the requirements of loco- 
motive practice. It consists, says the 
Railway Master Mechanic, of two valves for 
each cylinder, operating alternately as 
inlet and outlet, and driven by Corliss 
wrist motion as applied in connection with 
the Stephenson link. An original device 
is provided for correcting the irregularities 
in lead. Either no increase or a slightly 
increased steam lead for the shorter cut-off 
can be obtained, and an excessive pre- 
admission of steam avoided. The exhaust 
lead by this device increases as the cut-off 
is shortened. This secures a maximum 
power while starting, and a sufficient late 
compression to prevent the terminal prese 
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sure from exceeding the initial pressure at 
high speeds without by-pass or compression 
valves. 

The vaive gear makes use of the Stephen- 
son link, eccentrics and rocker arm as far 
as the end of the valve stem. This is 
connected to the wrist plate, which has 
hinged attachments to a crank arm on the 
rotary valve spindle. The wrist plate 
rotates on a crank bearing, which is trun- 
nioned between the cylinder saddle and 
the steam chest. A_ horizontal shaft 
extends across the back of the cylinder 
saddle, and this shaft is fitted with two 
cranks which connect with the bearings ot 
the wrist plates. From the centre of the 
shaft a long connecting rod extends back 
to a short crank on the tumbling shaft, so 
that when the link is raised or lowered 
from the central position, the wrist plate is 
raised to regulate the lead. It has been 
found by experience that the best results 
are obtained by allowing about 4 in. more 
lead for the shorter cut-oft. 

The steam chests are fitted with a ro in. 
bushing, and the valves have cast iron 
packing strips which are free to move and 
adjust themselves to any irregularities in 
the seat, thus reducing the leakage. The 
exhaust port is 18 in. wide, and the steam 
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inlet from the chest 2 in. wide. The valve 
body is journaled in the heads of the steam 
chests, and its weight is supported entirely 
clear of the valve seat. The only weight 
on the seat is the weight of the strips. The 
valve friction is thus materially reduced. 
The valve spindles, in their passage through 
the end of the steam chests, have a 
shoulder which forms a steam tight bearing, 
and requires no lubrication or packing. 
It has been found that they continue to be 
steam tight, and require no attention in 
taking up lost motion between times for 
general repairs. The valve renewals are 
confined to the substitution of an occasional 
new packing strip. 

The clearance in the cylinder of the first 
locomotive equipped with this device was 
3 per cent., and in the second engine 
6 per cent. Experience thus far gained 
shows that 5 per cent. would be the best 
figure. 

In a series of comparisons made by the 
indicator on the engine fitted with this 
gear, the water rate per i. h.p. was reduced 
from 22°9 to 19°3. pounds. The indicator 
cards also showed the cause for the slight 
wear on the machinery which was found 
to take place, they being remarkably full, 
the expansion lines being clear and distinct 
at all points of cut-off. On account of the 
high and full cards, it is evident that the 
crank effort is more uniform and higher 
than with a slide valve engine. Besides 
causing less wear on the machinery, this 
gives a more even torque when starting, 
and the consequent less slipping. 

While the experiments have been made 
in passenger service, it is considered that 
the performance in freight service will 
show even bctter results from both an 
operation and economical standpoint. 


* 
The Inertia of Trains.” 


THE inertia of a body is its tendency to 
remain at rest when still and to remain 
in motion when moving. To overcome 
the inertia requires an accelerating force 
in the first case, and a retarding force in 
the second. The energy absorbed by a 
train in attaining a certain speed from 
a state of rest, or given out by it in being 
brought to rest from a certain speed, is 
independent of time or distance allowed, 
and is equal to total weight multiplied by 
the height corresponding to the velocity 
(i.e., the height from which a body falling 
freely would attain the given velocity). 


* Newton Wright, in Railway Engineer, Dec , 1904. 
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This height, in feet, 


Vv 


1 —— v? *O155- 
22 
v = velocity in feet per second. 


g gravity, 32°2 feet. 
If velocity be given in the more con- 
venient form of miles per hour (= V), 


v 1'466 V, 
and sh (1°466)? V2 ‘0155 = V? ‘0332, 
w weight of train lbs. 


Total energy absorbed or given out, 
foot lbs. = h w = V? +0332 w. 

d = distance covered in attaining speed 
V (or before being brought to a standstill), 
feet. 

Total tractive (or retarding) force 

hw V2 0332 w 
° i d 
If this force be required in lbs. per ton 
(= P), then substituting 2,240 for w, 
V? -0332 2240 V2 74°3 
d d 
2/ Pd 
74°3 
— a! 

If, instead of distance (d) an interval of 
time be given or re yuired, 

, before attaining speed V, 
t = time, minutes - before being brought to 
a standstill. 

The mean speed if the acceleration or 
retardation is uniform will be 4 V, and 
distance (d) corresponding to time (¢) 

V4 , 
Go ' 5280 V t 44, 


P 


Substituting this for d in preceding for- 
mule, 


p— 743? _17V 
V t 44 t 
J ee P t +588 
1°7 
1°7 | 
P 


In cases where the distance run without 
stopping is very short, as with suburban 
trains or trams, it is more convenient to 
calculate the required tractive force directly 
from time and distance without regard to 
speed attained. 

D = distance, feet, covered in time ,¢ 
(from starting point to point where brakes 
are applied). 


) 
Mean speed 52801 60 


Maximum speed 60 2 


5280 ¢ 
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Substituting this for V in preceding 
formule, 


. eee. 4. D 
, 1) hot F 
D= P# 26 
3/ D 
26 P 


When P is a tractive (accelerating) force 
it is understood to be over and above that 
absorbed by frictional and other resist- 
ances; but when it is a retarding force (as 
with brakes) it should include those 
resistances. 

* 


Fuel Consumption of 


Locomotives. 


SEVERAL years ago, when connected 
with the Chicago & North- Western Railway, 
the author* was able to make a complete 
set of tests with the standard heavy goods 
engine, first upon the testing plant and 
afterwards in service with a dynamometer 
ear. Using the results of these tests as a 
foundation, it has been found possible to 
elaborate a diagram for practically any 
particular locomotive whose general 
dimensions are known, which will give at 
once the coal consumption per mile or per 
hour for various gradients, speeds or loads. 
This diagram is based upon theoretical 
as well as practical considerations, and 
will, it is believed, give values agreeing 
closely with actual conditions. 

The construction of the diagram and the 
method of using it can, perhaps, be made 
most clear by assuming a locomotive of 
certain proportions, and developing the 
study for this engine. Consider a con- 
solidation locomotive or 2—8—o type 
having the following general dimensions : 


Diameter of cylinders ... 21 inches 
Stroke of piston ... ‘i inn 32 inches 
Diameter of drivers : , 56 inches 
3oiler pressure .. one ont .. 200 pounds 


area. ose - a exe 40 square feet 
ng surface = nie . 3,200 square feet 
Weights of engine and tender 150 tons 
theoretical tractive force of such a 
locomotive will be 





a P d*s 

uaa D 

where P = Boiler pressure in pounds per 
inch. 


d = Diameter of cylinder in inches. 
s = Stroke of piston in inches. 
D = Diameter of drivers in inches. 
When allowance is made for drop in 
steam pressure and internal resistance, the 
*G. R. Sendescen Sense. yr Soc “Me ch. Engrs., 
Dec., 1904.—Abstr. Railway Age 





available tractive force at the circumference 
of the drivers is only eight-tenths of the 
theoretical tractive force, or 

PY. oe. 2 

D 

for simple engines, when working at slow 
speeds with the reversing lever in the 
corner notch. 

For the engine under consideration, 
therefore, the 


T.T.F. = 200 * 44! * 32 — 50,000 Ib. approx. 
56 
A.T.F. = ‘8 X 50,000 = 40,000 Ib. approx. 
As the seead of the locomotive increases, 
however, beyond the point where the boiler 
can supply the complete volume of the 
cylinders at each stroke, an earlier cut-off 
must be used, and it is necessary to de- 
termine the effect of such a change. In 
order that this may occur at the maximum 
possible speed, the boiler must be worked 
to its full capacity, which is limited by its 
ability to burn fuel. From various tests it 
seems as if this limit might be considered 
as stated below, the quantities being ex- 
pressed in pounds of coal per square foot 
of grate area per hour: 


Bituminous coal os ow . on 200 pounds 
Anthracite, large sizes : on - 100 pounds 
Anthracite, small sizes pn eae 60 pounds 


Assume that the engine is burning semi- 
bituminous coal, therefore the maximum 
combustion will be 40 x 200 = 8,000 lb. 
coal per hour. For the engine in question 
the ratio of heating surface to grate 
area is 3!79°— 80, and for semi-bitumin- 

40 
ous coal, with a ratio of 80, 15 pounds of 
water, from and at 212 degrees, may be 
evaporated per hour from each square foot 
of heating surface, or for the boiler, as a 
whole, 3,200 x 15 = 48,000 pounds per 
hour. 

The factor of evaporation from ordinary 
temperatures of feed water will be about 1:2, 
so that at boiler pressure, + #2000 40,000 lb. 
per hour. 

The steam will be somewhat reduced in 
pressure at the cut-off point, however, and 
the table here given indicates the probable 
relation of this pressure to the boiler 
pressure, when the reversing lever is in 
the corner notch, and the throttle wide 
open. 


Ratios of Cut-off Pressure to Boiler Pressure. 


Revolutions per minute—Starting. 50. 100. 150. 200 
Long ports ‘98 94 ‘SS ‘33 «°78 
Short ports P Res 98 ‘92°85 «2°77:=«C*72 
Medium ports ... *98 "96 "86 80 "75 
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COAL CONSUMPTION OF LOCOMOTIVES 
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By long ports is meant those in which the 
length of port in inches divided by the area 
of the cylinder in square inches is approxi- 
mately ‘12, and by short ports, where this 
ratio is about ‘05. If we assume ‘go for the 
ratio in the case in hand, we shall have 
200 X ‘go 180 pounds at cut-off, which 
steam will weigh *432 pounds per cubic 
foot. The volume of a cylinder 21 inches 
diameter and 32 inches long is 6°4 cubic 
feet, or for one revolution four times this 
amount, or 25°6 cubic feet. No allowance 
is made for clearance, as the cut-off, with 
lever in the corner, is usually about go or 
g2 per cent. of stroke. For each revolution, 
then, the steam consumption will be 


25°6 x *432 = 11°06 pounds 
and 
0,000 : . 
é 4 60 revolutions per minute 
O X II'O 


as to the maximum speed at which the 
boiler will furnish steam at full stroke. 
The speeds in miles per hour corresponding 
to the revolutions per minute for a 56-inch 
wheel are as follows : 

Miles per hour sed 5 10 1§ 20 25 30 35 40 
Revolutions per minute 30 60 go 120 150 180 210 240 
Therefore it is plain at above 1o miles an 
hour the cut-off must be reduced, diminish- 
ing the available tractive force of the 
engine. A study of the variation in tractive 
force due to speed indicates that the 
method explained below gives a_ close 
approximation to actual results. 

In the diagram the ordinates represent 
the tractive force in pounds, and the 
abscisse the speed in miles per hour. As 
the maximum speed at full stroke was 





found to be 60 revolutions per minute, or 
10 miles an hour, we find the intersection 
of this speed with the theoretical tractive 
force at A.’s,We therefore construct an 
equilateral hyperbola through this point, 
that is, a curve the product of whose 
ordinates will always have the same value, 
viz., 50,000 x 10 = 500,000. As we have 
seen, the available tractive force, however, 
cannot exceed 40,000 pounds. By drawing 
from the point B a tangent to the hyper- 
bola, we then have a locus consisting of a 
straight line and a curve, and this locus 
gives us the maximum available tractive 
force (at circumference of the drivers) for 
which the boiler will supply the cylinders 
at any speed. But to do this we must burn 
8,000 pounds of coal an hour, so that the 
locus BC also gives the combinations of 
speed and available tractive force which 
may be obtained by the combustion of 
8,000 pounds of coal an hour. 

The rate of combustion per square foot 
of heating surface per hour is 


8,000 
3,200 


2°5, 


and we should expect 6 pounds of water 
per pound of coal from and at 212 degrees, 
or a total steam production of 8,000 x 6 = 
48,000 pounds, which is the same as our 
first figure. If the rate of combustion be 
reduced, however, there will be more steam 
generated per pound of coal. For instance, 
if three-fourths the amount be consumed, 
or 6,000 pounds, the rate of combustion 
will be 
6,000 


= 1°87 pounds per square foot 
3,200 


of heating surface, and the evaporation 
will be about 7 or 7 xX 1°87 13°09 
pounds of water per square foot of 
heating surface per hour, instead of 15 
pounds as before. This would supply 
the cylinders at full stroke for 15 
13°09 : : 10: 87 miles an hour. From 
this as a starting point we construct 
a new hyperbola and tangent as before, 
which locus gives the combinations of 
speed and tractive force for 6,000 pounds 
of coal an hour. In the figure the loci 
have been drawn for each thousand pounds 
per hour from 1,000 to 8,000. 

If, now, we divide the quantities per 
hour by the speed, we obtain the fuel 
consumption per mile, and this is shown 
by the dotted lines. Thus, with a tractive 
force of 20,000 pounds and a speed of 
15 miles an hour, we should expect an 
hourly consumption of 3,000 pounds, or 
200 pounds per mile. 
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But as the diagram is based on speed 
and tractive force as co-ordinates, additional 
curves can be constructed which may 
represent the force needed to pull various 
trains at different speeds or up gradients. 
For instance, consider a train of 1,000 tons 
weight back of tender, or 1,150 tons total 
weight, we can lay down the curves of 
resistance for a level, }, 4, 3, and 1 per 
cent. gradient, as shown in the diagram. 
By this means we can determine the quan- 
tity of coal that would be used on different 
portions of a division. 

If there were 40 miles each of level, 4 
and 1 per cent. gradient, the fuel consump- 
tion would run as follows: 

40 miles at 38 miles an hour, 210 pounds 


per mile .. equal 8,400 pounds 

40 miles at 24 miles an hour, 330 pounds 
per mile +» 13,200 pounds 

40 miles at 17 miles an hour, 490 pot nds 
per mile ; »» 19,600 pounds 
Total ana “ee 41,200 pounds 


It will be noticed that this considers the 
train to be run at the maximum speed 
which the engine can make on each 
gradient or portion of track. If the speed 
be limited to 15 miles an hour uniformly, 
we should expect consumption as follows : 


40 miles on level at 50 pounds per 


mile... a ie .. equal 2,000 pounds 

40 miles on 4 per cent. grade at 190 
pounds per mile ... +» 7,600 pounds 

40 miles on I per cent grade at 430 
pounds per mile ... - 49 17,200 pounds 
Total jon ‘a 26,800 pounds 


This trip of 120 miles will, however, 
require 8 hours for its completion, whereas 
the first schedule is a trifle over 5 hours. 
The coal consumption in the first case is 
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over 50 per cent. greater than in the second 
case. The effect of speed upon the coal 
is clearly shown by following any of the 
gradient ijines in the diagram. The rate 
per mile on a } per cent. gradient will be 
about as given below : 
Miles per hour 


ae ‘sks 10 15 20 
Coal per mile, pounds 


o 160 185 250 


awn 


The influence of loading is shown by 
the curves marked ‘total tons up 1 per 
cent. grade.” 

At 1o miles an hour 250 pounds per mile for 1,000 tons 


Atromilesanhour 325 pounds per mile for 1,200 tons 
At1omilesan hour 500 pounds per mile for 1,400 tons 


When we near the limit of capacity of 
the engine, the difference is still more 
marked. 

At to miles an hour 250 pounds per mile for 1,500 tons 
At1omiles an hour 680 pounds per mile for 1,520 tons 
At1o miles an hour 720 pounds per mile for 1,540 tons 
Atrio miles anhour 780 pounds per mile for 1,560 tons 

Again 1,600 tons can be hauled at 5 
miles an hour with a consumption of 500 
pounds per mile, whereas 1,570 tons at 10 
miles an hour will require 800 pounds per 
mile, both cases being the maximum that 
the engine can do. 

These examples give an idea of the 
variety of problems in fuel consumption 
which can be quickly solved by the aid of 
this diagram. 

r) 


Motor Truck for 


Heavy Electric Traction. 


THE new design of truck* which is illus- 
trated herewith, is an example of a most 





* Street Railway Journal, Vol. xxiv. No. 18 
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HALF CROSS-SECTION TO SHOW BOLSTER AND SWING 
LINK CONSTRUCTION 


successful application of the principle: of 
truck construction, as developed for modern 
heavy passenger traffic conditions upon 
steam railroads, to the conditions met in 
heavy high-speed electric railway operation. 

It will be noticed that, in general design, 
the Master Car Builders’ standarc's of truck 
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MOTOR TRUCK. 


construction have been adhered to in the 
use of equalizers and swing link bolster 
construction. The top frame is made all in 
one forging of bar steel, 2 in. by 34in. in 
section. The transoms are of ‘12 in. chan- 
nels, with their connections to the frame 
stiflened by cast-steel corner plates. The 
truck bolster is made of 3-in. steel plate, 
flanged into a trough-shaped girder, and tied 
across at the top by ag-in. channel riveted 
within the plate, and thus acting asa cover - 
plate ; this is clearly shown in section A-B. 
The edges of the trough plate are kept 
below the top side of the channel so that 
both the centre plate and the side bearing 
castings may be lipped over the edges of the 
channel, and thereby take the driving strain 
off the fastening bolts. 


The side-bearing castings are made with 
large vertical face areas, which bear against 
corresponding special faces on the cast- 
steel corner brackets above referred to, so 
as to transmit the driving strain from the 
motors to the king bolt without racking the 
bolster and cramping it between the tran- 
soms; these thrust bearings project above 
the centre plates, and, in connection with 
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SIDE VIEW OF MCTOR TRUCK. 


the wearing plates riveted to the sides of 
the bolster near the bottom, take all of the 
driving stresses from the motors. The side 
bearings themselves may be flat or of the 
roller type, as may be desired. 

The links which carry the bolster rest on 
two pins at the top instead of one, thus 
giving the steady riding advantages of the 
spring-controlled bolster without the use of 
springs This construction also takes the 
pendulum motion from the car, as the 
bolster cannot tip down on either end, 
but must always remain level when swing- 
ing from side to side. The links are so 
made as to lift from one pin when 
swinging. 

The brake rigging circles are placed 
near the centre of the truck, as shown, and 
all side strains on them when the truck is 
on the curve are resisted by a radius 
bar, which makes it impossible for the 


circle to travel in any way but parallel 
with the centre line of the truck ; this is an 
important factor in taking wear from the 
brake levers, as is the case when they are 
alone depended upon to constrain the 
circle to its proper longitudinal movement. 
Release springs of the compression type 
are used upon the brake rigging circles, as 
shown ; the method of construction in this 
case is interesting, as both ease of adjust- 
ment and extreme compactness are thereby 
secured. Two circles are applied to the 
truck when it is to be used in connection 
with the system of brake rigging which the 
American Locomotive Company, (the 
makers of the truck) has designed especially 
for electric railway service. 

The truck weighs 11,400 lb., and is de- 
signed for electric cars weighing from 
75,000 lb. to 80,000 lb., to be run at speeds 
as high as 60 to 70 miles per hour. 
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New Method of Laying Concrete. 


AN unusual concrete wall for a cylindrical 
water tank has recently been constructed by 
Mr. J. F. Lyman, of Modesto, Cal. The 
novelty lies in the method of carrying out the 
work. Within the forms for the outer and 
inner faces, collapsible cylindrical forms, of a 
diameter somewhat less than the thickness of 
the wall, were placed vertically at intervals. 
These were perforated with several holes, and 
were inserted for the drainage of the fresh 
concrete. The space between the outer forms 
was filled with concrete, which was given an 
over-night set, then the water which had col- 
lected within the cylindrical forms was drawn 


off and the space occupied by them filled with 
concrete. The hollow cylinders, it is stated, 
contained from 2 to 6 in. of clear water at the 
end of from ro to 12 hr., that had drained into 
them from the concrete. The object in provid- 
ing this extra drainage was to procure a more 
uniform set through the cross-section of the 
wall. A large number of concrete structures 
have been built in this manner, including the 
head gates, waste weirs, drops, and highway 
bridges on a large irrigation project. Concrete 
laid by this method is unusually uniform in 
strength, free from cracks and homogeneous in 
appearance. 
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By PERCY LONGMUIR, National Physical Laboratory. 


Steel and Its Treatment. 


Heat Treatment Experiments with Chrome 
Vanadium Steels.*—In determining the in- 
fluence of vanadium on carbon steels and 
steels containing chromium and nickel, over 
sixty samples were made by the crucible pro- 
cess. From these steels some remarkable 
tensile results were obtained, one in par- 
ticular, owing to its excellent all-round quali- 
ties, being selected for further experiment 
on a larger scale in the open hearth furnace. 
The analysis of, and tensile results obtained 
from this steel are as follows 
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Similar steels made in the open hearth 
furnace did not sensibly differ in mechanical 
properties from the foregoing, and the bulk 
of the heat treatment experiments were con- 
ducted on an open hearth steel of very 
similar analysis, as shown in the fol- 
lowing :— : 

Carbon, Silicon, Manganese, Chromium, Vanadium, 
0°297 0°059 o 304 I 066 0169 

The scheme of heat treatment adopted was, 
as far as possible, a replica of that of the 
Alloys Research+Committeet, in order that 
some correlation might be obtained between 
the results obtained from a carbon steel 
and a steel of similar carbon content, but 
containing also small percentages of chro- 
mium and vanadium. The treatment in- 
cluded the following :— 





Deg. C. 
eatin 
1. Annealing for4-hour at 500 620 690 800 g00 1,100 
2. Soaking for 12 hours at 5*0 620 690 800 900 1,200 
3. Water quenching at... 500 — 690 800 goo 1,200 
4. Oil quenching at ... 500 690 800 900 1,200 
5. Oil quenching at ++. 500 690 870 10c0 — 
and reheating (10 
minutes) at 350deg C. 
6. Oil quenching at - 690 920 


and reheating (10 
minutes) at 600deg.C, 


Captain H. R. Sankey and Mr. J. Kent Smith, Inst. 
Mech. Engineers, Dec. 16, 1904. 
t Abstracted on page 363 of our April, 1904, issue. 
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The various heat treatments were con- 
ducted in an electric resistance muffic; 
quenching was effected in a large bulk of 
water at a temperature of from 20 deg. to 
25 deg. C., or in lard oil of about the same 
temperature. Tensile tests were made in a 
30-ton Buckton machine, and an autographic 
record obtained from each test by means of 
a Wicksteed recorder. Impact tests* were 
made on an impact testing machine, in which 
the test pieces, % in. broad, were notched, 
leaving a thickness of 0.139 of metal, and 
the specimen broken by one blow. Alterna- 
tions of stress were made by Professor 
Arnold with his well-known machine,t in 
which the free end of a 3% in. square test 
piece was bent backwards and _ forwards 
about 710 times a minute. The alternations 
of stress tests embodied in the paper were 
carried out with Professor Arnold’s new 
machine, which has not yet been fully 
standardized; the results must, therefore, 
be taken as comparative only. The many 
tests included in the paper are specially in- 
structive in that they represent results ob- 
tained by three different methods of testing. 
These results naturally form a very bulky 
table. The authors have, however, adopted 
a method of presenting them which “‘gives 
a good pictorial view of the quality of the 
steel.’” Thus, Fig. 1 shows at a glance the 
effect of heating for half an hour at various 
temperatures on the mechanical properties of 
chrome vanadium steels. Here the yield 
point and ultimate stress are plotted verti- 
cally to the same scale, the horizontal dis- 
tance apart of the two lines being drawn to 
a scale representing percentage elongation. 
The reduction of area is plotted vertically, 
and thus the rectangle ruled obliquely gives 
an idea of the ductility of the steel in respect 
of static loads. Differences in the quality 
of the steel produce a marked effect on the 
figure thus plotted. The thick black lines 
give the average foot pounds of energy ab- 
sorbed in the impact test, and the wavy 
line represents the number of alternations 
endured by the specimen in Professor 


This machine was illustrated on page 553, Dec., 1903, 
ssue 
t See “The Dangerous Crystallisation of Mild Steel 
and Wrought Iron.’ Metallurgical Abstracts, 1903, 
August. 
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FIG. 3.—-EFFECT OF WATER QUENCHING CR. VA. STEELS 
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FIG. 5.-~EFFECT OF OIL 


Arnold's test. Succeeding figures, 2 to 5, 
depict the influence of soaking, water 
quenching, oil quenching, and oil tempering 
at various temperatures on the properties 
of the steel. A feature of some moment lies 
in the high number of aliernations endured 
by chrome vanadium steels in Professor 
Arnold’s testing machine, and these steels 
appear to have the power of resisting alterna- 
tions of stress in quite a remarkable degree. 

The Effect of Liquid Air Temperatures on 
the Mechanical and other Properties of Iron 
and Its Alloys.’’*—Sir James Dewar and 
Mr. Rk. A. Hadfield have published in a 
recent paper before the Royal Society some 
of the more important results derived from 
an examination of the influence of low tem- 
peratures on the mechanical properties of 
iron and its alloys. Detailed results obtained 
from 500 specimens are to appear later in 
the form of a special monograph. 

The Results of Low Temperatures on Irons.— 
A very pure Swedish iron, which, in the 
annealed condition, at normal temperature, 
gave a tenacity of 20 tons per square inch 
and a high elongation, when tested in liquid 
air, yielded a tenacity of 38 tons, with no 
elongation. Another snecimen, after quench- 
ing at 950 deg. C. and again at 600 deg. C. 


in water, showed similar results in liquid 


air. Specimens immersed in liquid air and 
allowed to return to normal temperature be- 
fore testing showed almost exactly the same 
tenacity and elongation as before cooling, 
thus proving that the brittleness is entirely 
a function of the temperature. Several speci- 
mens were quenched, from 600 deg. C., 
800 deg. C., and gs50 deg. C., in liquid air, 
and allowed to return to normal temperature 
before testing. Notwithstanding this severe 
chilling, no hardening effect is shown; the 
tenacities are the same as in the unquenched 
condition, and the ductility is improved 
rather than reduced. In order to determine 
whether there is a critical point where the 
abnormal rise in tenacity and loss of duc- 
tility occurred, four specimens were tested 
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TEMPERING CR. VA. STEEL. 


at + 18 deg. C., — 80 deg. C., — 1oodeg. C., 
and — 193 deg. C. respectively. The results 
clearly show that there is no critical point, 
i.€., a gradual decrease in temperature is 
accompanied by gradual increase in tenacity. 

Iron carbon alloys yield practically the 
same results; thus, a steel containing 0.78 
per cent. carbon showed a considerable rise 
in tenacity, in liquid air, the elongation 
being practically z7. A piece of the same 
steel, submitted to the liquid air tempera- 
ture and allowed to return to normal tem- 
perature before testing, gave a similar result 
to that of the original material not so treated. 
Specimens of a steel containing 0.83 per cent 
carbon were quenched in liquid air from 
700 deg. C. and 750 deg. C. respectively, and 
tested at normal temperature. As with the 
Swedish iron, quenching from these compara- 
tively high points has not produced the effect 
that might be expected ; in fact, instead of. 
ductility being reduced, it is now quite con- 
siderable, viz., 13 per cent. from the 
700 deg. C.and 8 per cent. from the 750 deg. C 
quenching. A steel containing 1.23 per cent. 
carbon showed the same singular effects after 
quenching from 700 deg. C. and 750 deg. C. 
in liquid air. It is most remarkable that 
a specimen containing 1% per cent. carbon 
suddenly lowered 930 deg. C. is so little 
injured as regards ductility. Such a steel 
quenched in ordinary water would have been 
extremely hard and quite beyond filing. 
These specimens were as magnetic at 

182 deg. C. as at normal temperatures, 
and readily filable. Iron carbon alloys con- 
taining manganese behaved in a similar man- 
ner, ¢.g., showed the usual rise in tenacity 
and fall in ductility. 

Alloys of iron with silicon, aluminium, 
tungsten, chromium, or copper all present 
the features already noted—an increase in 
tenacity and fall in ductility at low tem- 
peratures. Results obtained from alloys of 
iron and nickel are specially important ; thus, 
a steel containing 0.26 per cent. carbon and 
0.58 per cent. nickel has its tenacity doubled 
when tested in liquid air, but the elongation 
is not reduced to the extent noted earlier. 


G2 
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Further steels give the following results 
when tested in liquid air :— 


Caron, 0°14 %: Ductility decreases from 20 to 12 % 
Nickel, 1 92 %: Tenacity increases from 34 to 59 tons. 


(c arbon, ) Carbon, ) Tenacity rises considerably 
"19% | and, 918% in both cases; ductility 
Nickel, Nickel, remains practically un- 

( 3°82 % 11°39% ) altered. 


Carbon, 0°16 % | Tenacity rises from go to 118 tons, whilst 
Nickel, 24°51% ef ductility is only reduced from 12 to 10% 
The importance of these results is found in 
the fact that the brittleness of iron at low 
temperatures can be modified by the presence 
of nickel, provided that the carbon is not 
too high. 


* 


Iron and Manganese. 


A low carbon steel containing 3.5 per cent. 
manganese, tested at — 182 deg. C., pre- 
sented the usual rise in tenacity and loss of 
ductility ; similar specimens, on returning to 
normal temperatures, were in no way in- 
jured. Steels of varying carbon and man- 
ganese contents presented the usual results 
at low temperatures. In particular, a 
sample of ‘‘Hadfield manganese steel,’’ 
0.23 per cent. carbon and 12.64 per cent. 
manganese, which at normal temperature 
gave a tenacity of 56 tons and an elonga- 
tion of 30 per cent., was in liquid air en- 
tirely detoughened, the elongation falling to 
2% per cent. The usual treatment for 
toughening manganese steel involves a 
sudden fall in temperature of about 
1,000 deg. C., whilst that due to immersion 
in liquid air is only some 200 deg. C. 
Samples submitted to the low temperature 
and returned to a normal one before testing 
present the usual toughness of manganese 
steel, thus showing the embrittling action to 
be only a temporary one, as in the case of 
iron and steel. 

Many tests are recorded with iron alloyed 
with two other elements, the majority of 
which show the usual increase in tenacity 
and decrease in ductility when tested at low 
temperatures. An important exception is, 
however, found in the case of alloys of iron, 
manganese, and nickel, and the following 
results are of considerable moment. 


Carbon, o 60 %, ) 
Manganese, 504%, * Ductility decreases from 7oto 25% 
Nickel 14°55 % ’ 


Carbon, roo %, ) 

Manganese, 6°05 %, ~ Ductility decreases from 57 to 42% 
Nickel, 17°91 % y 

Carbon, 1°18 % ) Tenacity rises from 51 to 84 tons 
Manganese, 6°05% and ductility rises from 60 to 
Nickel, 24 03 % , 67% 


It will be noted that an increase of nickel 
results in an increase of ductility at 
— 182 deg. C., and the last example forms 
the first one of the series in which ductility 
is greater at the low temperature. 


These results emphasize the remarkable 
ductility of iron alloys containing 6 per cent. 
manganese, and from 14 to 24 per cent. nickel. 
These particular alloys have almost non- 
magnetic properties, possess the highest elec- 
trical resistance of any known alloys, and 
also represent the most ductile alloys of iron 
yet known. 

Further experiments in connection with 
this research deal with contraction, elec- 
trical properties, structure, magnetic and brit- 
tleness tests, all of which will be included in 
the special monograph. 

The Fragility of Steel.—The December 
issue of the Revue de Métallurgie opens with 
an article on the brittleness of steels by Pro- 
fessor Le Chatelier, which is to form the 
introduction to a volume of studies on the 
fragility of steels about to be issued by the 
Societe d’Encouragement pour 1'Industrie 
Nationale. Many of the thoughts enunciated 
by Professor Le Chatelier have already been 
noticed in this REvIEW*; it may, however, 
be well to recall one feature. With metals 
always either normally brittle or malleable, a 
sufficient index of their properties may be 
obtained in the amount of elongation shown 
in the tensile test ; but certain ductile metals, 
especially soft steels, may, whilst yielding 
good elongation results, prove brittle in ser- 
vice, hence the importance of recognizing a 
type of intermittent brittleness. Some of the 
determining causes inducing this brittleness 
are reviewed, which have already been 
noted in the issue referred to. We trust, 
however, to give an early résumé of the 
volume as a whole, especially in view of 
the fact that this dangerous brittleness of 
steel is one of the most pressing questions 
confronting the metallurgist as a producer 
and the engineer as a user. 

The Garrett Reheating Furnace.—Mr. J. S. 
Trinham, in a paper before the Staffordshire 
Iron and Steel Institute, discusses the ad- 
vantages of this type of reheating furnace 
Details of the cost of altering an ordinary 
grate to the Garrett type are as follows :— 


CASTINGS. 
Cts. qr. lb. es &@ £ ad 


1 End plate with 3 clean- 

ing doors w. 12 2 OSay 219 0 
1 Top end plate Ir 0 0 212 0 
2 Firing door plates a2 0% » §$ §$ 
2 Side plates 20 2 0 417 0 
1 Large cleaning door.. a6€¢@ea 87 6 
2 Small cleaning doors... a @€@ 86 «2 @t 6 
2 Firing doors ota uw 6 t® 
1 Set of air boxes com- 

plete 25 1 oO 10 2 0 
1 Water pan ee « 7 © 

467 0 
BRICKS. 
1,700 Squares in grate BA . 7 48t © 
zoo Crown bricks. cn £48 
1 Ton fireclay.. ia ns eee 
— 7! 


* See page 361, April is issue, 1904. 
t Ivon and Coal Trades Review, Dec. 30th, 1904. 
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Pulling d ld f = £s.d. £s.d. contends that comparisons should only be 
ulling down Ol urnace 2 la- : 1ee ~ =y ile j ; 
foacedthes . ..0ey 0 ¢ 0 made between ores of similar metallic iron 
Building new grate—z bricklayers content. For instance, it is not fair to com- 
one sbift each a » 016 0 pare a titaniferous ore containing gangue as 


Building new grate—3 labourers 


high as 50 per cent. with a non-titaniferous 


one shift each day... » O12 0 


k—z skilled ore running 57 per cent. to 60 per cent. 


Lake Superior hematite 57 to 62 per cent. 


Erecting ironwor Ng fod ; : 
labourer half shift... — .. an ee a metalliciron. The author’s experiments show 
Erecting ironwork 2 labourers titanic slags to be quite fusible and fluid, offer- 
alf shift each eee eee eos o 40 ; ; ~ ri , ra] y ; 77 
Wiiiee Geeta, ctn., incbeiies sla 240 ing no difficulty in working. Experience with 


material 


From the following comparative table the 
of the Garrett over the closed 
grate furnace will be seen: 


economy 


Mill. 


11 in. guide 


4 0 O 40 0 





iron and a titaniferous one 56 to 58 per 
cent. leads to the conclusion that both ores 
behave similarly in the blast furnace. If 
the ores are of the same type, their reduction 
taxes the furnaces to the same extent. 


la pon = £47 12 0 


CLOSED-GRATE FURNACES, COMPARED WITH GARRETT PATENT. 


Closed-grate furnaces with 
steam jets. 


Garrett Patent Furnaces. In favour of Garrett Patent. 


| 
Average Coal per | Furnace Average | Coal per Furnace Increased Badacsd | Sadana’ 
output ton of waste per output ton of waste per output oval cose furnace 
er ehife finished | tonof iron per finished | tonof iron per sumption. aan, 
I : iron. charged. shift. iron. charged. shift. 
T.C. Cc. Per cent. T.C. Cc. Per cent. | T. C. Cc. Per cent. 
226 215} 10 314 12°5 2419 © §|9 1 19 10°8 2%2 118] t 1 23 °7 


Sizes, etc., rolled :—§ in. to 1; in. dia.; 4 in. to 14 in. squares; 2 in. to 34 in. hoop strip ; }-in. to 2 in. flats; 


14 in. guide 


small channels and H iron; small angles and tees. 
¥.£. c. 7.¢. Ge t.&. c. 
8 


20 1 0 0 10 Oo 16 10°9 22 1204 2 6 > 8.8 22 O41: 2 2°1 


Sizes, etc., rolled :—14 in. to 3 in. dia.; 14 to 34 in. squares; 4 in. by 12 in. W.G. to 8 in. hoops or strip ; 


2 in. to 8 in. flats; angles, tees, and rails. 


Notr.—Closed-grate furnaces mean furnaces with closed ashpit doors with steam jet in a hollow grate. The other 
mills under the writer's control cannot be compared, as the Garret patent has not yet been adopted in them. 








Blast Furnace Practice. 

Titaniferous Iron Ore.—The prejudice 
against titaniferous iron ore is familiar; 
whether that prejudice has any foundation in 
fact is not so well known. Mr. A. J. Rossi, 
in a recent issue of the Mining World, erteis 
fully into the matter, quoting from his own 
and the experience of others. The well- 
known English furnaces are quoted, and on 
the authority of Mr. J. Head these English 
furnaces smelting titaniferous* ores without 
mixture had a fairly successful career of 
six to seven years, the iron going into 
Sheffield markets for high-class purposes. 
Early furnaces working on these ores in the 
States are also quoted, and emphasis laid on 
the good quality of the product. These fur- 
naces worked successfully for some time, 
and their abandonment was due, not to 
smelting difficulties, but to long distances 
from markets. In one case the product had 
to be hauled by horses a distance of fifty 
miles to a place of shipment. Turning to 
the reputed higher fuel consumption of 
titaniferous ores, the author very rightly 





Norwegian Ilemite. 35 to 36% Fe. 39.2% TiOg. 
7 % SiOz. 


Foundry Practice. 

Machine Moulding and Typical Moulding 
Machines—Mr. F. Hermann, in Giesserei 
Zeitung, commences a series of articles on 
the development of the moulding machine ; 
the first machine, according to the author, 
being constructed in Manchester in 1853, and 
an improved form of the same machine being 
exhibited in Paris in 1855. The tardy adop- 
tion of mechanical aids to moulding is 
dwelt on; and even when recognized by 
foundry owners, much opposition was en- 
countered on the introduction of machines 
into the foundry—a feature not unfamiliar 
in this country. Difficulties with various 
types of machines are recited, and the con- 
clusion of this section is found in installing 
the right machine in the right position and 
employing it on suitable work. 

(To be continued. ) 


c 


The Bursting of Four-foot Fly-wheels.*— 
The author’s previous work on _ smaller 
wheels is familiar; in the present commu- 





*C. H. Benjamin. American Society of Mechanical 
Engineers, and Jron Trade Review, No. 50, Vol. xxxvii. 
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FIG. I.—CASTING OPEN WITH WHEEL NO. I IN 
POSITION. 


nication some interesting experiments on 
larger wheels are described. The wheels 
were tested in a cylindrical casing, shown in 
Fig. 1. After fixing the wheel to be tested, 
the interior was lined with wooden blocks 
to absorb the momentum of the flying frag- 


ments. Of special interest to iron founders 
are the experiments on cast iron pulleys, 
such as are commonly used for the trans- 


mission of power. Such a pulley is shown 
in Fig. 1. It was 48 in. in diameter, had 
six arms, and weighed 194 lb. The rim was 
whole, 8% in. wide by about 3@ in. thick, 
and finished on the outside. The arms, 
elliptical in section, were 3% in. x 
1 1-16th in. at the hub and 2 in. by % in. 
at the rim. On: the whole, the wheel was 
well designed, and showed no sign of 
shrinkage strains. It had, however, been 
balanced by riveting a cast iron washer 
inside the rim at the lighter side, and this 
proved its undoing, as shown in Fig. 2. The 
combination of a thin place in the rim, a 
rivet-hole, and a heavy mass of cast iron 
is enough to wreck any wheel. Previous 





FIG. 2.--FRAGMENTS OF WHEEL NO I. 


experiments on whole rim wheels of cast 
iron have shown that a bursting speed of 
400 ft. per second may be reasonably ex- 
pected. A 48 in. wheel should therefore 
burst at about 1,920 revolutions per 
minute. The pulley in question burst at 
1,100 revolutions per minute, and_ its 
appearance after breaking is shown in Fig. 2. 
The balance weight weighed 3% lb., and its 
centre was approximately 23 in. from the 
axis of rotation. At 1,100 revolutions per 
minute the centrifugal force of the balance 
weight alone would be 2,760 lb. Add this 
radial pressure at a weak point between the 
arms to that due to the weight of the rim 
itself, and the low bursting speed is easily 
accounted for. The linear speed of the rim 
at rupture was 230 ft. per second. As too ft. 
per second is considered the limit for belt 
speed, this pulley would have a working 
factor of safety of 2.3 x 2.3, or 5.3. But 
suppose the rim had been a little thinner, 
and consequently a bigger weight had been 
put on? 


_§e-——— 


The Shone System 
of Sewerage at Karachi. 

In a paper by Mr. J. F. Brunton, M.Inst.C.E , 
read before the Institution of Civil Engineers, 
on Jan. 24th, it is shown that the efficiency of 
the Shone system at Karachi shortly after it 
came into operation was not as good as it was 
believed to be, and that it fell off until the 
work done at the ejectors only represented 
about 18 per cent. of the indicated horse-power 
of the engines Theresult was that the engines 
were unable to cope with the work, and this 
led to the author undertaking a careful inquiry 
into the efficiency of each component of the 
installation. Particulars of the trials made are 
given in detail, and it is shown that the prevent- 
able loss of power that was taking place was 
due entirely to leakage in the air-main and its 
attachments, the most probable source of waste 
being the automatic air-valve at the ejectors. 
Endeavours were made to increase the 
efficiency, with the result that the work done 


at the ejectors now averages 26 per cent. of 
the indicated horse-power of the engines, a 
gain of 8 percent. It is shown that the maxi- 
mum possible efficiency of the whole system, 
assuming that the efficiency up to the ejectors 
is 0°650, cannot exceed 0°364 under existing 
conditions of working 

These figures are derived from the results of 
daily working, and are believed to show 
accurately the possibilities of the Shone system 
of drainage, so far as regards its theoretical and 
practical efficiency. A table based on certain 
conditions of atmospheric pressure and tem- 
perature is given, showing the maximum 
possible efficiency when working at air-pressures 
corresponding to lifts varying between o ft. and 
200 ft.; also a statement showing the actual 
annual expenditure incurred on the working of 
the system during 1895-1903, as well as the 
actual sullage discharged annually, the total 
expenditure, the expenditure on coal, and the 
coal consumption, per 1,000 gallons discharged. 
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CATALOGUES AND 
TRADE PUBLICATIONS. 

















WaTER SOFTENING 

Pulsometeyr Engineering Co., Ltd., Nine Elms 
Works, Reading. —This pamphlet, which is excel- 
lently printed and illustrated, is not a catalogue 
in the ordinary sense of the word. Certainly, 
a portion of it is taken up with a description 
of the ‘‘ Criton '’ water-softener, a speciality of 
this company, which possesses some valuable 
features, but the bulk of the publication is 
devoted to the consideration, at once thorough 
and lucid, as to how water can be softened 
chemically. The re-actions considered are 
illustrated by novel graphic representations, 
which will appeal to those with even the most 
rudimentary knowledge of chemistry. 


ELECTRICAL MACHINERY 


Mather & Platt, Ltd., Mancheste) The 
second edition of their polyphase motor 
catalogue containing particulars of standard 
machines ranging from 5 to 500 h.p 


British Westinghouse Electric & Manufacturing 
Co., Ltd.—Circular B 1071, dealing with the 
‘*SB"’ type direct-current motors 


ELECTRICAL INSTRUMENTS. 

Crompton & Co., Ltd., Salisbury House, 
London Wall, E.C.—Pamphlet describing the 
construction and calibration of various am- 
peremeters and voltmeters of the moving-coil 
type for direct currents. Some of the matter 
in the booklet was given in the course of a 
discussion on a Paper on Instruments read 
before the Institute of Electrical Engineers last 
summer, but in several points they have been 
greatly improved since. 


Quarry PLANT, ETC. 


Goodwin, Barsby & Co., St. Margaret's Iyvon- 
works, Leicester.—Abridged list ‘‘ ]’’ of stone- 
breaking machinery in which this firm are 
specialists The apparatus illustrated and 
described comprise the ‘‘ Acme’"’ cubing-motion 
stone breaker, of both fixed and portable types ; 
the ‘‘Acme "’ stone breaker with portable tilt- 
ing screening apparatus and removable plat- 
form, suitable for road making and corporation 
work ; fine-crushing rolls; ‘‘ Blake’’ stone- 
breakers, etc. 


CONVEYING PLANT 
Graham, Morton & Co., Ltd., Leeds.—Cata- 
logue No. 940 of coal loading and unloading 


plants, elevating and conveying plants, aérial 
ropeways and transporters. 


BELTING 
O. & W. Ormerod, Ltd., Rochdale.—Third 
edition of a booklet describing the ‘* Watwata”’ 
motor cycle belt (Booth’s patent) 


HypDRAULics. 

Abner Doble Co., San Francisco. — Bulletin 
No. 6, which is an illustrated reprint of a 
thesis by H. C. Crowell and G. C. Lenth on 
an investigation of the Doble needle regulating 
nozzle for fire and power purposes 


STEAM SPECIALITIES. 

Holden and Brooke, Ltd., West Gorton, Man- 
chester.—List No. 70, January, 1905. A well 
printed and interesting catalogue of injectors. 
One of the particular features of interest in the 
new list is the section devoted to the selection 
of the right size of injector required and the 
conditions governing this selection. They are 
as follows: The quantity of water required to 
be delivered to the boiler per hour; the rate 


at which it is desired to ‘‘ feed up’’; the 
working conditions, if unusual, such as hot 
feed water or high lift The information 


relating to these conditions is given in tabu- 
lated form which, in view of the fact that it is, 
we believe, the first time that such information 
has been given in this way, should render this 
list of value to those interested. 
Evectric LIGHTING AND Power Prant, &c. 
Mather & Platt, Ltd., Salford Ironworks, Man- 
cheste Fifth edition of Pocket Book and 
Tables. In this handy and well-printed book 
the lists of the specialities of this firm, em- 
bracing gas engines, dynamos, motors, pumps, 
overhead travellers, electric mining appliances, 
water-softening plant, etc., have been brought 
right up to date, several types not previously 
included being now added. The tables at the 
end of the book, many of which contain in- 
formation not found in the ordinary engineer’s 
pocket book, should render this pocket cata- 
logue of service to many of our readers 


STOKERS. 
The Underfeed Stoker Co., Ltd., Coventry House, 
South Place, Finsbury, E.C.— New catalogue 


giving a full illustrated description of the 
various types of stokers for internally fired and 
all types of water-tube boilers. For the benefit 
of those not acquainted with the principle of 
the underfeed stoker it may be mentioned that 
the fuel is continuously supplied from below 
the level of the fire and gradually advanced 
upwards towards the zone of combustion by a 
simple mechanism, 
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Evectric LiFts 


Archibald Smith & Stcvens, Queen's Road, Batter- 
sea.—Brochure dealing with electric lifts, in 
which a good deal of original information is 
given of a character not usually published. In 
fact, the first fifteen pages treat the subject 
from a purely scientific and engineering stand- 
point 

REFUSE DEsSTRUCTORS. 

The Horsfall Destructor Co., Ltd., Leeds.-—New 
edition of the No. 1 list ‘* Destructors’’— 
giving illustrations and particulars of some 


Works 


‘“* Institutions at Jardine’s Works’’ is the 
title of a brochure issued by Messrs. John 
Jardine, of Nottingham. It is a unique 
publication, and well worth perusing by 
employers and heads of departments. As 
its title indicates, the various institutions 
established by the much-respected late John 
Jardine, the founder of the firm, for the 
benefit of his workpeople are described, in- 
cluding a profit-sharing scheme, tool-cleaning 
prizes, cricket club, rifle club, institute and 
club, drawing and science classes, etc. From 
the book we gather that all the workpeople 
are divided into classes according to the 
number of years’ service. The first class 
consists of those who are in their first year’s 
service. The second class those who are in 
their second year’s continuous service, and 
so on. The object of dividing into these 
classes is that those who have worked at 
Jardine’s continuously for the greatest num- 
ber of years should be entitled to the greatest 
benefits. Workpeople in the fifth class—that 
is, those who are on with their fifth year’s 
service, are considered to be on the staff. 
Foremen and forewomen are instructed that 
no one in the fifth or higher classes is to be 
discharged without consulting Mr. Jardine. 

This qualification also regulates the rate 
at which sick pay is awarded. 

The advice to foremen is of distinct in- 
terest, a few typical paragraphs being as 
under :— 

Look after the interest of your employer in 
all things, for you are employed to make 
money for your employer, and if you cannot 
do it, he will not require your services very 
long. 

Bear in mind that your pay and position 
are in the end practically fixed by yourself. 
If you are not, after a time, manager of the 
works at a salary of £5,000 per year, it will 
be because you have not proved by results 
that it would be profitable to give you such 
a position and pay. 


destructor plants erected by this firm, clinker 
crushing and screening machines, mortar mills, 
small destructors for hospital, domestic and 
trade refuse, and solder furnaces. 
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CASTINGS. 

Parker Foundry Co., Derby.—This firm are 
issuing a novel calendar for 1905, upon which 
a number of Shakespearean quotations are 
given, the initial letters of which bring out the 
name of the firm and the main line of their 
block advertisement, viz , ‘‘ Castings to machine 
bright and clean all over.”’ 


Management. 


If Mr. Jardine requires something from you 
that is beyond you, seek another job—as he 
won't be satisfied till he gets it either from 
you or another. 

Don’t make excuses ; you can’t invent any 
but what Mr. Jardine has heard before. 

Remember that the best people can only 
be retained by making them at least as happy 
and as well off as they could expect to be 
elsewhere. 

If you are in charge of any girls, treat 
them as you would have a gentleman treat 
your own daughter. 

Treat all workpeople under your charge 
with due respect, in and out of the shop; 
but never make companions of them, either 
in or out of the shop. 

A well-paid man is a cheaper producer 
than a badly-paid man. 

We can sell at a fair price about all the 
machinery we care to make, so long as it 
is better than that of-our competitors. 

We can only continue to produce the best 
machinery by the _ superior intelligence, 
efficiency, and goodwill of our working force. 

The superior qualities of our workers can 
only be obtained and maintained by making 
their jobs the best in the trade. 

Discharge anyone with a ‘“‘sore head.’’ 

Discharge money-lenders. The man who 
encourages drinking and other bad habits by 
readily lending shillings is a sly creature, 
but find him out and sack him. 

Discharge money borrowers. The man 
who regularly borrows a shilling on Mon- 
day, undertaking to pay fifteen-pence for it 
on the Friday, is not the sort of person we 
want on the premises. 

Discharge a man who treats his wife and 
family badly. 

Discharge dealers in goods on the instal- 
ment plan. 

Discharge trades unionists—if you should 
ever discover any in the place. Our works 
are open to free labour only. 


























